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ether than the high-melting isomeride, and was somewhat soluble 
in hot petroleum (b. p. 40—60°) (Found: Br = 58-5. C,H,,ONBr, 
requires Br = 58-6%). 

Bromination of Low-melting «-Ethylcrotonylcarbamide.—a-Ethy]l- 
crotonylearbamide, m. p. 158° (5 g.) was exposed for 48 hours 
over excess of bromine in a closed desiccator. Excess of bromine 
was removed in a current of air, and the residue refluxed with 
ether (200 c.c.). After filtration, the ethereal solution was con- 
centrated to 20 c.c., and the crystals (3 g.) which separated were 
recrystallised from alcohol, when low-melting «8-dibromo-a-ethyl- 
butyrylcarbamide was obtained in colourless needles, m. p. 112° 
(Found: Br = 50-7. C,H,,0O,N,Br, requires Br = 50-6%). 

Bromination of High-melting «-Ethylcrotonylcarbamide.—The 
ureide, m. p. 198° (5 g.), brominated in a similar manner, gave 
high-melting «$-dibromo-a-ethylbutyrylcarbamide (3:2 g.), which 
crystallised from alcohol in colourless prisms, m. p. 142—143°. 
It is moderately soluble in ether (Found: Br = 50-4. C,H,,0,N,Br, 
requires Br = 50-6 %). 

Action of Hydrogen Bromide on Low-melting «-Ethylcrotonamide.— 
a-Ethylcrotonamide, m. p. 104° (2-5 g.) was heated on the water- 
bath for 2 hours with acetic acid saturated with hydrogen bromide 
at 0° (25 c.c.). Excess of the acids was removed in a vacuum, 
the residue (10 c.c.) nearly neutralised with 2N-sodium hydroxide, 
| and the mixture extracted with chloroform. The solid (0-6 g.) 
| which remained after the removal of the solvent, crystallised from 
ether in leaflets, m. p. 117—118°, not depressed by admixture with 
| the synthetic amide, m. p. 118°. 

Behaviour of Hydrogen Bromide with High-melting «-Ethylcroton- 
; amide-—The amide, m. p. 118° (0:3 g.) was heated for 6 hours in a 
, sealed tube at 100° with acetic acid saturated with hydrogen 
, bromide at 0° (2 c.c.). The mixture, after dilution and neutral- 
isation, gave, on extraction, only the unchanged amide, m. p. 118°. 

Action of Hydrogen Bromide on Low-melting «-Ethylcrotonyl- 
p carbamide.—A mixture of the ureide, m. p. 158° (4 g.), with acetic 
acid saturated with hydrogen bromide at 0° (40 c.c.) was heated 
under reflux for 20 hours on the steam-bath and when poured into 
cold water (500 c.c.) yielded a solid product (1 g.). 

8-Bromo-a-ethylbutyrylcarbamide was obtained in colourless 
needles, m. p. 179—180°, by repeated crystallisation from alcohol. 
It is sparingly soluble in alcohol, benzene, or ether (Found: N= 
11-9; Br = 33-4. C,H,,0,N, Brrequires N = 11-8; Br = 33-75%). 

Action of Hydrogen Bromide on Low-melting «-Eithylcrotonyl- 
3, carbamide.—-The ureide, m. p. 198° (5 g.) together with saturated 
acetic-hydrobromic acid (30 c.c.) was heated for 8 hours in a sealed 
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bottle in a boiling-water bath. The mixture was filtered from a 
little ammonium bromide, water added, and the solution nearly 
neutralised with 20% caustic soda solution. On cooling, a white 
solid (4 g.) separated, which, after repeated crystallisation from 
alcohol, melted at 177° and was identical with the 6-bromo-«-ethy]- 
butyrylcarbamide described above. Chloroform extraction of the 
still slightly acid mother-liquors yielded a small amount of oil, 
which solidified on standing and after repeated crystallisation from 
alcohol had m. p. 158°, not depressed by admixture with the 
unsaturated ureide of that melting point. 

Examination of the Saturated Acid, b. p. 283—286°— 
Bisdiethylglycollylearbamide was obtained in a pure condition 
from the acid oil, b. p. 283—286°, by a slight modification of the 
method proposed by Clemmensen and Heitman (loc. cit.) involving 
the preparation of the silver salt from the ammonium salt, followed 
by the decomposition of the former by hydrogen sulphide. It 
then melted at 29° and agreed in physical and chemical pro- 
perties with bisdiethylglycollylearbamide prepared synthetically 
(Found: C = 54-1, 540; H = 81, 83; N = 9-8, 9-7. Calc. for 
C,3H,,0;N,, C = 54:1; H=83; N =9-7%). 

Hydrolysis of Bisdiethylglycollylcarbamide.—(a) The oil, b. p. 
283—286° (21 g.) was refluxed for 48 hours on the steam-bath with 
alcoholic potash from potassium hydroxide (21 g.) dissolved in 
the minimum of water and 100 c.c. of alcohol. Ammonia was 
evolved during the whole period of heating. The mixture yielded 
on dilution and ether extraction an oil, b. p. 164°/25 mm. (10 g.). 
This quickly solidified and on crystallisation from ether gave 
diethylglycollamide, m. p. 88°, in colourless, hexagonal plates 
(Found: N=10-8. C,H,,0,N requires N=10-7%). The 
aqueous liquors on acidification likewise yielded an acid fraction 
(10 g.) which, on distillation, boiled for the most part at 115— 
130°/10 mm. There was a small amount of unchanged material 
b. p. 152—155°/10 mm. The main fraction quickly solidified 
and crystallised from petroleum (b. p. 60—80°) in colourless needles, 
m. p. 80°, not depressed by admixture with synthetic diethyl- 
glycollic acid, m. p. 81°. (6) The same oil (40 g.), hydrolysed under 
the same conditions for 3 hours only, yielded diethylglycollamide 
(15 g.) and unchanged material (10 g.). No diethylglycollic acid 
could be isolated. (c) The oil (13 g.), boiled on the sand-bath 
for 1 hour with 2N-caustic soda, gave no diethylglycollamide, and 
the acid fraction yielded only unchanged material (12-5 g.). 

Bis-a-ethoxy-a-ethylbutyrylcarbamide.—The silver salt (19 g.) of bis- 
diethylglycollylcarbamide (Found : Ag=40-1. C,gH,.0;N,Ag»,2H,0 
requires Ag = 40-1%) from the saturated acid oil, b. p. 283—286°, 
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after being dried at 100°, was heated with ethyl iodide (25 c.c.) 
for 15 minutes, silver iodide was removed by filtration, and the 
oil (12 g.; 97% of theory), which was insoluble in caustic soda, 
distilled at 160—170°/60 mm. The oil so obtained had a char- 
acteristic odour of garlic and b. p. 240° (Found: C= 59:0; H = 
9°3. C,,H3,0;N, requires C = 59:3; H =9-3%). A preparation 
in a similar way from synthetic bisdiethylglycollylcarbamide yielded 
the same product. 

Hydrolysis of Bis-a-ethoxy-«-ethylbutyrylcarbamide.—The ethoxy- 
carbamide (20 g.) was hydrolysed for 12 hours on the steam-bath 
with alcoholic potash from potassium hydroxide (20 g.) in the 
minimum of water and 200 c.c. of alcohol. After the removal of 
excess alcohol in a vacuum and dilution, ether extraction gave an 
oil (10 g.), b. p. 141—144°/11 mm., which solidified after remaining 
a few hours at 0°. 

«-Ethoxy-«-ethylbutyramide, when pure, melts at 36° and is very 
soluble in most organic solvents, but practically insoluble in light 
petroleum. It could not be crystallised satisfactorily and was 
apparently best purified by repeated distillation in a vacuum 
(Found: N = 8-7. C,H,,0,N requires N = 88%). The aqueous 
liquors from this preparation yielded practically no acid fraction, 
and ethoxyethylbutyramide was found to be extremely resistant 
to the hydrolytic action of alkali. 


The author desires to express his indebtedness to the Directors 
of Messrs May and Baker, Ltd., for permission to publish the 
results embodied in the above paper, to Dr. A. J. Ewins for his 
interest in the investigation, and to Mr. M. A. Phillips for assistance 
in much of the experimental work. 

RESEARCH LABORATORY, 


Messrs May anv Baker, L7., 
Wanpvsworrn, 8.W. 18. [Received, July 3rd, 1924.] 


XLVIII.—The Direct Combination of Ethylenic Hydro- 
carbons with Hydrogen Sulphites. 


By IsraEL KoLker and ARTHUR LAPWORTH. 


AGENTS, such as ozone, which attack the simplest compounds, 

have been distinguished (as “‘ Class I’”’) by Lapworth and McRae 

(J., 1922, 121, 2741; compare also Lapworth, Mem. Manchester 

Phil. Soc., 1920, 64, iii, 11) from others (“Class IT } which 
M 
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are inert towards ethylenic hydrocarbons but which nevertheless 
are additive to the ethylenic group when the latter occurs in the 
«-position with respect to a carbonyl, cyano, or similar group. 

It is significant that all the known agents of the second class are 
either (IIa) metallo-compounds or (IIb) compounds of the general 
type, H-Z, in which the hydrogen atom is capable of being replaced 
by the action of metals. 

Examples of sub-class IIa are Grignard reagents, potassium 
cyanide, and sodio-derivatives of ketones, esters and nitriles. 
Examples of IIb are HCN, HCH(CO,Et),, HNR,Rg, the last includ- 
ing amines, hydroxylamines, and hydrazines. The electronic theory 
of metallic compounds suggests that the radical of each agent of 
class IIa is capable of existence in all cases as a negatively charged 
ion, Z—-. In some cases the free ion Z— is identical in consti- 
tution with the radical as it occurs in the compound H-Z 
(example: H-NH,); in other cases, it is probably not; (example : 
H-CH,-NO,), but the structural difference is such that intracon- 
version readily takes place in either direction. As is well known, 
agents of sub-class IIb also form addition products with many 
saturated carbonyl compounds. 

Not all compounds which have the characters defined in the 
preceding paragraph can be referred to Class IIb; thus, powerful 
acids are by definition excluded from this class, as they attack 
ethylenic compounds of all types. 

It is further necessary to observe that in referring any agent to 
Class IIb there are restrictions as to the experimental conditions 
prevailing while the agent is applied. For example, hydrogen 
cyanide may properly be referred to Class IIb when applied in 
presence of an alkaline catalyst, but not in presence of an acid 
catalyst unless it has been shown that under the same conditions 
the combination is inert or nearly so toward ethylenic hydrocarbons. 

Within the range occupied by IIb, which must be limited at 
one extreme by acids too weak to attack ethylenic compounds at 
measurable speed and at the other extreme by very feebly ionisable 
compounds, such as ammonia, there does not at present appear to 
be any direct relation between the additive efficiency of the agent 
and the electro-affinity of the anion. Thus many very weak acids 
appear almost or quite unable to form stable addition products with 
carbonyl compounds. ; 

With reference to Class II as a whole, it is probably true that 
no compounds of which the ion Z— has a very high affinity for the 
charge can be included in either sub-class (compare Lapworth, 
loc. cit.). There are, for example, no cases recorded where the 
potassium or sodium salts of powerful acids form additive com- 
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pounds with carbonyl compounds. The powerful acids have already 
been excluded fer the reasons above stated. 

From the preceding considerations, it is clear that any agent 
which forms addition products with the carbonyl group of aldehydes 
and ketones or with the ethylenic linking in «8-unsaturated carbonyl 
compounds may safely be referred to sub-group IIb only when it 
is known that the agent does not attack ethylenic hydrocarbons 
under comparable conditions; in many cases, as in the instance 
of ammonia, experimental evidence is already extensive and so 
uniformly negative, that this indifference may confidently be 
inferred, whilst in other cases further investigation is required. 

The correct classification of agents additive to ethylenic com- 
pounds is of the utmost importance in studying the influence of 
atoms and groups on the properties of others in the same molecule. 
The authors have made a careful study of two series of agents 
previously referred, in the papers above specified (loc. cit.), to 
Class IT. 

The experiments carried out by the authors and by other workers 
in these laboratories on the possible addition of hydrogen cyanide 
and metallic cyanide to ethylenic hydrocarbons, including cyclo- 
hexene and styrene, have given uniformly negative results. As 
the addition products in these cases would have been nitriles, easily 
convertible into carboxylic acids and so capable of detection even in 
traces, it may be concluded that metallic cyanides and hydrogen 
cyanide in absence of acid catalysts are indeed highly selective, and 
that when they do attack an ethylenic linking the latter is almost 
certainly affected by conditions similar to those which obtain in 
«8-unsaturated ketones. 

The other series of reagents tested were sulphites, and more 
especially hydrogen sulphites. The sole instance hitherto recorded 
(so far as we have been able to discover) of a hydrocarbon combining 
directly with hydrogen sulphites is that of styrene and even in that 
case the published evidence was inconclusive (Miller, Annalen, 
1877, 189, 340; Labbé, Bull. Soc. chim., 1893, [iii], 22, 1077; 
Dupont and Labaune, Sci. Ind. Bull., 1912, [iii], 7, 3). In the 
case of styrene, moreover, there was an element of doubt whether 
phenyl can exercise the same influence on a double bond as carbonyl 
can. Similar uncertainty existed in the theoretical interpretation 
of the observations of Dupont and Labaune (loc. cit.), who 
obtained additive products of hydrogen sulphites with unsaturated 
alcohols. 

The results obtained by the present authors remove all doubt 
on many of these moot points. Hydrogen sulphites combine directly 
with ethylenic hydrocarbons, and the failure of previous investi- 
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gators fully to establish this fact is attributable to the unsuitable 
experimental conditions used. 

Special precautions to ensure intimate contact between the hydro- 
carbons and the aqueous solutions are usually but not invariably 
necessary. They may consist in emulsifying with the aid of purified 
kieselguhr. Contrary to expectations, dilution of the sulphite 
solution, possibly by an effect on the solubility of the hydrocarbons, 
favoured the interaction. 

A not less important practical feature in the later experiments 
was the use of ammonium hydrogen sulphite instead of the sodium 
or potassium salt. This device admits of the ready removal of any 
excess of the reagent by boiling with sufficient barium hydroxide, 
when insoluble barium sulphite is formed, ammonia is expelled, 
and such organic addition products as are not destroyed during 
this process are easily isolated as soluble barium salts. 

Pinene, dipentene, cyclohexene, crude “‘ amylene,”* and even the 
completely symmetrical ethylene combine readily under favourable 
conditions with hydrogen sulphites, usually in the cold, yielding 
products which for the most part appear to be the salts of the 
expected saturated sulphonic acids; but these are usually mixed 
with a variable proportion of other salts, apparently isomeric with 
the sulphonates. These secondary products, unlike the true sul- 
phonic acids, are hydrolysed by dilute acids or alkalis, and are 
probably salts of the alkyl hydrogen sulphites, though some slight 
doubt attaches to this view of their constitution. These salts appear 
to be considerably more stable than the salts of alkyl hydrogen 
sulphites prepared by union of sulphur dioxide with sodium alky]- 
oxides, but this may be due to stabilisation by the other salts 
present; indeed the authors have observed (1) that the hydrolysis 
of the salts of methylethionic acid, SO,H-CH(CH;)CH,°SO,H (which 
normally is readily effected by dilute acids), takes place much more 
slowly if excess of salts of methylisethionic acid, 

SO,H-°CH(CH,)°CH,°0H, 
are present and (2) that pure barium methylethionate decomposes 
at 100°, but in presence of 9—10 times its weight of isethionate does 
not decompose appreciably below 150°. It is just possible, however, 
that two series of alkyl sulphurous acids exist. 

It seems probable that carbonyl compounds react with bisulphite, 
as with metallic cyanide, by first capturing the anion. Ethylenic 
hydrocarbons evince no definite preference for anions and may 
react with bisulphites, either by first capturing the hydrogen ion 
or by uniting with the unsaturated centres of the sulphite molecules 
much as they unite with ozone, and possibly in both ways. 

The gross result of the process of addition of hydrogen sulphites 
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to ethylenic hydrocarbons may thus be represented by the following 
scheme as adapted for sodium hydrogen sulphite : 


CHR, R,*CR,R,'SO,Na. 


CR,R,‘CR,R, + NaHS, atl 
~ CHR,R,*CR,R,°0-SO,Na. 


Hydrogen sulphites must now therefore be omitted from the 
list of reagents of Class IT. 


EXPERIMENTAL. 


‘ 


Throughout this section, the term ‘‘ molar ’”’ and the symbol M 
applied to a hydrogen sulphite solution denote a solution containing 
one gram-molecule per litre. 

Inorganic sulphite in solutions of the reaction products was 
assumed to be absent when mineral acids in the cold caused no 
evolution of sulphur dioxide and when iodine was not decolorised. 

General Method of Treatment of Insoluble Fluid Compounds with 
Ammonium Bisulphite Solution—Usually the fluid unsaturated 
compound was shaken vigorously at intervals during several days 
with M/4-ammonium hydrogen sulphite and kieselguhr. The 
kieselguhr was then separated by filtration, washed with boiling 
water, and the united filtrates were heated with excess of barium 
hydroxide until ammonia ceased to be evolved. The whole was then 
neutralised with dilute sulphuric acid, the precipitated barium 
sulphite and sulphate were filtered off and washed with boiling water, 
the filtrates being finally evaporated to dryness on the steam-bath. 

Studies of the Influence of Conditions on Speed of Addition of 
Ammonium Bisulphite to cycloHexene-—Owing to adsorption of 
solutes by the kieselguhr used as emulsifying agent, it was found 
necessary in comparative experiments to convert the addition 
product into barium salt and then to isolate and weigh this. 

In one series of four experiments the following results were 
obtained, using 5 c.c. of cyclohexene in each instance with M/4- 
ammonium hydrogen sulphite solution. 

Volume of M/4-NH,HSO, solution used 
Excess of NH,HSO, more than theory 


Yield (% of theory), without kieselguhr 
Yield (% of theory), with kieselguhr 


In another series of three parallel experiments, using the same 
quantity, namely 5 c.c of cyclohexene, with the same weight of 
ammonium bisulphite in each experiment, but dissolved in different 
weights of water, all with shaking at intervals during 10 days, the 


following results were obtained. In this series no kieselguhr was 
used. 
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Strength of bisulphite solution M M/2 
C.c. of bisulphite solution 240 
Weight of crude barium salt obtained ... : 1-51 2-26 
Yield of crude product, % of theory ... : 12-1 18-0 


It is evident from the first series that kieselguhr has a very 
favourable influence on the yield, especially when a considerable 
excess of hydrogen sulphite is used. The two series taken in 
conjunction show that the yield improves with the dilution of the 
hydrogen sulphite at least up to M/4; the volumes of fluid to be 
evaporated, however, set a limit to the practical application of this 
fact. 

Examination of Products from cycloHexene.—(a) With sodium 
hydrogen sulphite. When cyclohexene (30 c.c.) was shaken at intervals 
with M/2-hydrogen sulphite solution (1800 c.c.) for 8 days, the 
resulting aqueous solution separated from unchanged cyclohexene 
(found : 20 ¢.c.), evaporated to dryness, and extracted with 96— 
98% spirit, a white powder (1-9 g.) was obtained (Found: Na = 
12-3. C,H,,"SO,Na requires Na = 12-3%). This powder gave no 
sulphuric acid when boiled with excess of dilute hydrochloric acid, 
and was free from inorganic sulphite; on hydrolysis with boiling 
sodium hydroxide, however, it yielded a little inorganic sulphite, 
estimated from titrations with iodine to represent 6—7-5% of 
sodium cyclohexyl sulphite. 

(b). With ammonium hydrogen sulphite. cycloHexene (36 c.c.), 
M/4-ammonium bisulphite solution (3360 c.c.), and kieselguhr 
(120 g.) were shaken together at intervals during 10 days. On 
working up the product as on p. 311, a brown solid was obtained which 
on recrystallisation yielded white, hexagonal plates of barium cyclo- 
hexanesulphonate, identical with that obtained, by the method of 
Borsche and Lange, from cyclohexyl chloride through the sulphinic 
acid (Ber., 1905, 38, 2766) [Found : H,O = 13-5; Ba (in dried salt) 
= 29-6. (C,H,,°SO,),Ba,4H,O requires H,O=13-4; Ba (in 
anhydrous salt) = 29-7%]. The identity was established by direct 
comparison of the barium salts and of the sulphanilides (m. p. 85°).* 


* The following new derivatives of cyclohexanesulphonic acid were pre- 
pared and examined during the course of the work. Sodium salt, prisms, 
readily soluble in water and in dilute alcohol (Found: Na = 1I'l. 
C,H,,"SO,Na,H,O requires Na = 11:3%). Ammonium salt, hygroscopic and 
exceedingly soluble in water; very readily soluble in 98% spirit, crystallising 
therefrom in granules. Magnesium salt, rhombic plates, by spontaneous 
evaporation of an aqueous solution. Very readily soluble in water. Copper 
salt, small, light green, rhombic plates, moderately soluble in water [Found : 
H,O = 15-4. (C,H,,SO;),Cu,4H,O requires H,O = 156%]. Sulphonyl 
chloride, analysed by Borsche and Lange and described by them as an oil, 
separates from ether in rhombic plates, m. p. 106°. Sulphonamide, may be 
crystallised from water and melts at 93—94°. ° 
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The nature of the crude brown solid product was investigated. 
When boiled for 4 hours with a large excess of 12% sodium 
hydroxide, it yielded sulphite corresponding with 2% of alkyl sul- 
phite. When boiled with 10—15% hydrochloric acid, it did not 
yield any sulphate, but some sulphur dioxide was detected. When 
3-5 g. were boiled for 6 hours with 15% sulphuric acid (50 c.c.), 
some sulphur dioxide was evolved, the solution turned light yellow 
in colour, and a slight aromatic odour was observed. The product 
of this hydrolysis could not be isolated, but after removal of con- 
stituents soluble in ether and neutralisation of the solution with 
barium carbonate, evaporation yielded 3-1 g. of pure barium 
cyclohexanesulphonate. It would thus seem that the material 
contains at least 90° of ammonium cyclohexanesulphonate together 
with a small quantity of an organic compound which yields sul- 
phurous acid or sulphite on hydrolysis.* This compound could not 
be isolated, but it was observed that the mother-liquor remaining 
after separation of cyclohexanesulphonate from the crude product at 
first gave with ferric chloride a deep red coloration similar to that 
obtained with sulphites and sulphinates; later, this test gave a 
negative result, so that the compound causing this coloration was 
evidently unstable, either to water or to air, or to both. 

Ethylene and Ammonium Hydrogen Sulphite—Ethylene was 
brought into contact with M/4-ammonium sulphite (2 litres) in a 
large bottle at about atmospheric pressure with occasional shaking. 
At first the solution absorbed nearly its own bulk of the gas during 
each interval of 24 hours, when the residual gas, with any gaseous 
impurities in it, was allowed to escape and was then replaced by 
fresh ethylene. After this process had been repeated daily during a 
fortnight, about 5 litres of ethylene had been absorbed and the 
original speed of absorption reduced by about four-fifths. The 
liquid was then worked up in the usual way and 13 g. of crude barium 
salts were obtained. 


* It is difficult to reconcile the properties of this secondary constituent 
with the assumption that it is sodium cyclohexyl sulphite, as it has resisted 
the operations used in preparing the crude product. For comparison, 
sodium cyclohexyl sulphite was made by passing sulphur dioxide into (a) a 
solution of sodium in cyclohexanol and precipitating with alcohol: (6) a 
suspension of sodium cyclohexyl oxide in benzene and then draining the 
solid on porous earthenware. The solid obtained by either process was, 
like other salts of alkyl sulphurous acids previously described, extremely 
unstable, losing sulphur dioxide on exposure to air and being immediately 
hydrolysed in aqueous solution with liberation of inorganic sulphite (Found, in 
sodium cyclohexyl sulphite made by process (6): Na = 13-4. C,H,,SO,Na 
requires Na = 12-4%. 0-346 G. dissolved in water required 39-5 c.c. of 
N/10-I,, while one molecule of sulphite from C,H,,:SO,Na requires 37-2 c.c.). 
(For comments on these points, compare introductory section.) ‘ 
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The salts consist mainly of barium ethanesulphonate, but also, 
as in the case of cyclohexene, of small quantities of other salts, 
which give a red coloration with ferric chloride and are somewhat 
stable towards alkalis but unstable towards boiling mineral acids, 
which cause evolution of sulphur dioxide but no liberation of 
sulphuric acid [Found, in barium salt : H,O = 9-2; Ba (in anhydr- 
ous salt) = 38-5. (C,H;*SO,),Ba,2H,O requires H,O = 9-2; 
(C,H ;°SO,),Ba requires Ba = 38-7%]. 

The sulphonamide made from this salt was soluble in water, 
and easily recrystallised from ether, forming prisms, m. p. 59—60° 
(James, J. pr. Chem., 1882, [ii], 26, 384, gives the melting point 
of ethanesulphonamide as 56°). 

Commercial ““Amylene’’ and Ammonium Hydrogen Sulphite — 
Combination was here so rapid that in 7 days, with occasional 
shaking, 5-3 c.c. of “ amylene”’ were almost completely absorbed 
by M/4-ammonium hydrogen sulphite solution, without kieselguhr. 
On working up in the usual way, 9-4 g. of crude soluble barium 
salt (86% of theory) were obtained [Found: Ba = 31-5. 
(C5H,,°SO,), Ba requires Ba = 31-3%]. 

The crude salt did not decolorise permanganate nor absorb 
bromine : it gave no sulphur dioxide or sulphuric acid when boiled 
for several hours with 15° hydrochloric acid, and 95% of the 


original product was recoverable. ‘‘ Amylene” was exceptional 
among the hydrocarbons examined in yielding nothing but true 


29 


sulphonic derivatives. As the “‘ amylene”’ used was the mixture 
of several isomerides obtained from fusel oil, the products were not 
further examined. 

Dipentene andAmmonium Hydrogen Sulphite.—Dipentene (15 c.c.), 
ammonium hydrogen sulphite (M/4; 2000 c.c.), and kieselguhr 
(50 g.), shaken at frequent intervals during 14 days, gave 12-1 g. 
of barium salts, at least 90°% of which consist of bariwm menthane- 
disulphonate [Found : H,O (lost at 160°) = 4-0. 

C1 9H(SO3).Ba,H,O0 
requires H,O = 4:0%. In the anhydrous salt; found Ba = 31-4, 
S = 15-1; theory requires Ba = 31-6, S = 14-7%]. 

This salt is readily soluble in water, forms clusters of needles, 
and is stable to boiling mineral acid. The mother-liquors obtained 
on recrystallising the salt from water decolorise a little bromine or 
permanganate and slowly evolve some sulphur dioxide when boiled 
with dilute sulphuric acid. 

Pinene and Ammonium Hydrogen Sulphite—From pinene (32 c.c.), 
ammonium hydrogen sulphite (M/4; 2000 c.c.), and kieselguhr 
(70 g.), after 12 days, 7-4 g. of mixed soluble barium salts were 
isolated, but retained an odour resembling pinene after repeated 
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extraction with absolute alcohol. The crude product differed 
appreciably from that obtained from any other hydrocarbon, inas- 
much as the proportion of hydrolysable salt was nearly 45% of the 
whole. When 2 g. were boiled with 15% sulphuric acid, much 
sulphur dioxide was evolved, and appreciable quantities of an oil 
having a terpene-like odour appeared. After removing the oil 
with ether, and the sulphuric acid with barium carbonate, only 
1-1 g. of stable barium salt were recovered. The crude product, 
which was free from inorganic sulphate, also discharged the colour 
of an unusually large proportion of bromine. 


OrGANIC CHEMICAL LABORATORIES, 
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AppENDUM:—Throughout this paper the terms ‘ hydrogen 
sulphite ’ and “ bisulphite ’’ are used interchangeably and without 
regard to the question of the constitution of salts to which these 
names have commonly been applied in the past. 


XLIX.—A Method of Measuring the Dielectric Con- 
stants of Liquids. 


By LzEonaRD ALFRED SAYcE and HENRY VINCENT AIRD BRISCOE. 


THE introduction of the triode valve has made possible many 
accurate methods for the measurement of physical constants and 
it has been employed by several workers in the determination of 
dielectric constants. Considerable accuracy has thus been attained 
in the measurement of dielectric constants approaching unity, 
viz., those of the gases (Carman and Lorance, Physical Rev., 1922, 
20, 715; Gill, Radio Rev., 1921, 2, 450; Wagstaff, Phil. Maz., 
1924, [vi], 47, 66), but the dielectric constants of liquids which are 
much greater than unity have not hitherto been measured with 
similar accuracy (Whiddington, Proc. Camb. Phil. Soc., 1921, 20, 
445; Hyslop and Carman, Physical Rev., 1920, 15, 243). This is 
mainly due to the difficulty of securing absolute constancy in the 
operation of valve-maintained circuits (Whiddington, Engineering, 
1920, 110, 384; Wagstaff, loc. cit.) and of obtaining a variable 
condenser combining a large range of variation with a sufficient 
accuracy of setting (Hyslop and Carman, loc. cit.). Further, in 
previous methods the dielectric has been stressed in a circuit 
directly coupled to a triode, and in such circuits, although the funda- 
mental frequency may be known, yet the wave-form is not usually 


sinusoidal but may be resolved into many harmonics, some of 
M* 2 
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considerable amplitude. Possibly this is not seriously disadvan- 
tageous in work upon gases, but in the case of dielectrics in which 
the variation of dielectric constant with frequency is appreciable 
it is evident that precise measurements of this property can be 
made only if the applied stress be of sine wave-form. 

The following method has therefore been developed in order 
to secure the conditions here seen to be required for the accurate 
measurement of relatively large dielectric constants. 

General Principles.—If oscillatory currents are maintained in 
the circuit L,C, by means of a triode connected as shown in Fig. 1, 
the magnitude of the direct component of the current in the anode 
circuit of the triode is a function of the magnitude of the oscillatory 
currents in L,C, (Dowling, Proc. Roy. Dublin Soc., 1921, 16, 185). 
If, now, a second oscillatory circuit, L,C;, is loosely coupled to L,C,, 
little or no energy is withdrawn from the latter until the natural 


Fra. 1. 
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frequency of L,C, approaches that of L,C,. Resonance between 
the two circuits is then shown by a sudden decrease in the direct 
component of anode current of the triode. If the coupling between 
L, and L, is sufficiently tight, the reduction in the anode current will 
continue throughout a considerable change of L,C,, for the latter 
circuit is forced into resonance with L,C, over a considerable range of 
adjustment and then suddenly “ breaks away ”’ from the control of 
- L,C,. The coupling between L, and L, can, however, be so adjusted 
that when a gradual change is made in the adjustment of C, the 
anode current steadily decreases to a minimum and thereafter 
steadily increases. These conditions afford an extremely sensitive 
null method of observing when L,C, is adjusted to a given fre- 
quency, ?.e., the frequency of L,C,. If the frequencies of the two 
circuits are of the order of 10%~ per second, the resonance point is 
shown so critically that, with ordinary precautions, C, can be reset 
with an error not exceeding 0-005yyF. If, now, another condenser, 
C,, of unknown capacity, be connected in parallel with C,, then, in 
order to restore resonance between the two circuits, a reduction in 
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the value of C, is necessary, such reduction being a measure of the 
capacity of C,. Thus, unknown capacities can be measured accur- 
ately in terms of Cs, the frequency at which the measurement is 
made being that of L,C,. The coupling between the two circuits 
is so loose that the stress applied to the dielectric of the unknown 
condenser, C,, is very small and has a wave-form free from the 
distortion almost inevitable in a valve-maintained circuit. By 
this method the measurement of an unknown condenser involves 
two null galvanometer adjustments and in practice these are made 
within such a short time that errors due to slight variations in 
the frequency of L,C,, due to variations in batteries, etc., are 
insignificant. 

The Experimental Method.—The practical application of the 
above principles to the measurement of the dielectric constants of 
liquids presents two main problems : 

(1). The construction of a condenser of fixed dimensions in which 
either a vacuum, air, or the substance under investigation may be 
used as dielectric at will. For convenience, this is hereafter called 
the “ dielectric container.” 

(2). The construction of a variable condenser having the relatively 
wide range of 500upnF and yet such that it can be set and read with 
an error not exceeding 0-005ypF. 

(1). The capacity of the dielectric container is measured when 
full of air, or evacuated, and again when full of the liquid under 
examination, the ratio of the latter capacity to the former being 
the dielectric constant of the liquid at the temperature and fre- 
quency employed. The type of condenser that has been found 
most suitable is shown in Fig. 2. It resembles an elongated Dewar 
flask and consists of two glass tubes, like large “ boiling-tubes,”’ 
one sealed inside the other. Access to the annular space between 
these tubes is given by the tubes G and H. Platinum electrodes 
are fused through the bottom of the inner tube and through the 
side of the outer tube. Both internal surfaces of the annular space 
are silvered to the height shown and these silver films constitute 
the ‘‘ plates” of the condenser. It was thought advisable to 
thicken the silver films by several successive applications of the 
silvering solution. A small glass elbow-tube, J, is cemented to 
the outer tube where the platinum electrode pierces it, and mercury, 
poured into the little cup so formed, provides a means of making 
a connexion to the outer silver coating. A little mercury is also 
poured into the inner tube to cover the other platinum electrode 
and connexion with it is made by a long stiff wire. At the top of 
this wire is cemented a small glass cup containing mercury and 
having a little hook of glass rod fused on at one side. A stiff wire, 
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coming from the remainder of the apparatus, normally rests on 
this glass hook, but is transferred to the adjoining mercury cup 
in order to switch the condenser into circuit. The condenser is 
immersed in a thermostat so that the water-level is a few milli- 
metres below the top, and the thermostat and outer silver coating 
of the condenser are connected to the “earthed” side of the 
remaining apparatus. 


Fie. 3. 
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(2). The wide-range variable condenser is an assembly of six 
condensers of fixed capacity with a small one of variable capacity. 


6e 


The former are labelled from “a” to “f” and are made of the 
following approximate values: C, = 10upF, C, = 20upF, C. = 
40ppF, Cy = 80ppF, C, = 160upF, C,=320upF. The small 
variable condenser is variable over a range of 10upF. It is per- 
manently in circuit, but any, or all, of the fixed-capacity condensers 
may be switched in parallel with it by means of mercury cups and 
bridges. Each fixed-capacity condenser is made with interleaved 
aluminium plates separated by air. One set of plates is connected 
to an earthed metal base-plate and to an earthed tin-plate screen 
which envelops the condenser, the other set of plates being con- 
nected to a brass rod which acts as the “live” terminal. 
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The construction of the small variable condenser is shown in 

Fig. 3. It consists, essentially, of a single semi-circular vane, M, 
free to rotate between two semi-annular rings, N. The frame- 
work of the condenser comprises two triangular brass end-plates, P, 
held apart by three vertical rods, Q. Each end-plate is provided 
with a longitudinally-drilled steel screw, R, and these two screws 
are the bearings for the conical ends of a rotatable spindle, 8. The 
spindle carries a thick semi-circular brass plate, M, accurately 
turned on both faces whilst mounted on the spindle. The two 
fixed plates of the condenser are two semi-annular rings, N, made 
of heavy brass and accurately turned, secured respectively to two 
triangular ebonite platforms, T, which may be fixed at any suitable 
position upon the vertical 
supporting rods. At the top. Fic. 4. . 
of the spindle is clamped a 
brass boss, V, carrying a plane 
galvanometer mirror, W, and 
a fibre arm, X, about 15 cm. 
long. The framework of the 
condenser, and therefore the 
rotating vane, is earthed by 
attachment to an earthed base- TUREAO 
plate, as, also, is a tin-plate 
screen which covers the effec- 
tive parts of the condenser. 
The two semi-annular rings 
are connected to a stiff wire 
which, passing through a hole 
in the screen, constitutes the 
“live”? terminal. 

The position of the spindle is read by means of a telescope and a 
semi-circular scale about 150 cm. in length, as shown in Fig. 4. 
The mirror on the spindle is at the centre of the scale and the 
telescope is aligned upon it: thus a rotation of the spindle of 90° 
corresponds to about 1500 mm. on the scale. The reading of the 
scale can be made within 0-2 mm., and the adjustment of the 
rotation of the spindle with this degree of accuracy is accomplished 
quite simply in the following manner. 

To the tip of the fibre arm, X, a long thread is attached which 
passes to one end of a wooden lever, L, 30 cm. long, pivoted at its 
middle point. To the other end of the lever is attached a second 
thread which is wound upon a thin brass rod provided with a knob 
and rotating stiffly in a cork that is clamped rigidly. Turning the 
knob thus rotates the spindle of the condenser. The threads are 
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kept taut and the spindle is returned in the other direction by 
the tension of a stout rubber band. The wooden lever is introduced 
into the system in order that the adjusting knob may be near the 
hand of the operator whilst he is at the telescope at a distance - 
from the condenser. 

The design of variable condenser here described has the following 
important advantages : 

(1) Consistency of resetting is obtained by the use of conical 
bearings. 

(2) Great accuracy of setting and reading is attained in the 
manner already described. 

(3) Freedom from external capacity effects is ensured by the 
earthing of the moving system, adequate screening, and remote 
control. 

(4) The calibration curve is free from the irregularities that arise 
in the usual vane type of condenser through the effects of the 
spacing washers and supports. 

(5) A simple adjustment of the range of capacity within wide 
limits is attained by alteration of the positions of the ebonite 
platforms, T (Fig. 3). 

The complete assembly of the apparatus is shown diagram- 
matically in Fig. 1. The dielectric container, C,, and the wide- 
range condenser, C;, are connected in parallel with an inductance, 
Lg, Which, for frequencies of the order of 10®~ per second, consists 
of 30 well-spaced turns of No. 16 8.W.G. copper wire wound upon 
a spirally-grooved ebonite tube, 9 cm. in diameter. L, and L, 
are “honeycomb” inductances of the type commonly used in 
radio-telegraphy ; C, is a variable condenser of the ordinary vane 
type, having a maximum capacity of approximately 300upI'; 
and C, is a mica-dielectric “ by-pass ” condenser of approximately 
0-01 pF. B, isa dry-cell battery of 50 volts and B, a 4 volt. 100 amp.- 
hour accumulator; G is a uni-pivot galvanometer having a sensi. 
tivity of about lA. per scale division. R,, a potentiometer of 
5000, and R,, a resistance of 900w, are adjusted so as to neutralise 
the greater part of the anode current through G (Dowling, Joc. 
cit., p. 175). 

Although the construction of C, was adapted to secure a recti- 
linear relationship between scale reading and capacity, it was 
intercalibrated throughout its range by substituting for C, a very 
small, fixed-capacity condenser the capacity of which was measured 
in terms of scale divisions of C, at a large number of places along 
the scale of the latter. If the “ scale-division : capacity ”’ ratio 
had been truly rectilinear, the apparent value of the very small 
condenser would have been precisely the same at all points along 
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the scale. The apparent values obtained gave the data necessary 
for the preparation of a correction-curve to express all readings 
in terms of ‘‘ mean scale divisions.” Finally, the capacities of the 
six fixed-capacity condensers, C, to C,, were measured in terms of 
scale divisions of C, (for C, = C,,C, = CF, + C,,C,=C,+Q4+C, 
and so on). The capacity corresponding to a mean scale division 
of C, is thus the unit in all measurements. 

Having thus intercalibrated C,, the capacity of C,, containing 
dry air at a known pressure and at the temperature of the ther- 
mostat, is measured in terms of C,. To do this, C, is switched out 
of circuit and, with C, at a large setting, L,C, is adjusted to 
approximate resonance with L,C;. Exact resonance between the 
two circuits is then obtained by varying C, and is shown by a sharp 
minimum reading of the galvanometer, G, and the reading of C, 
is taken. C, is then switched into circuit and C, is reduced in value 
until resonance is again obtained between the two circuits. This 
reduction in C, is a measure of the capacity of Cy). Finally, 
C, is filled with the liquid under examination (at the temperature 
of the thermostat), and its capacity measured as before. The 
latter capacity, Cyaigua, divided by the former, Cy), gives 
the dielectric constant of the liquid to a standard of es.) = 1, 
at the temperature and frequency of the measurement. Shortly 
before or after the measurement, the frequency is determined by 
means of a heterodyne wave-meter (Sayce, Expt. Wireless, 1923, 
1, 70). The value of the dielectric constant so obtained can be 
corrected to a vacuum standard by making use of recent deter- 
minations of the specific inductive capacity of air (Carman and 
Lorance, Physical Rev., 1922, 20, 715; Gill, Radio Rev., 1921, 2, 
450; Wagstaff, Phil. Mag., 1924, [vi], 47, 66). 

Experimental Difficulties and Precautions——When first applied, 
the method gave inconsistent results, due to slight temperature 
changes in the valve, in the oscillator coils and, particularly, in 
the variable condenser, C;. Sudden changes in the temperature 
of the valve were prevented by enveloping it in cotton-wool. The 
influence of sunlight upon the apparatus was so marked that it 
was found desirable to obscure the windows of the laboratory and 
illuminate the apparatus by artificial light. Ultimately, the air 
of the room was kept at a fairly constant temperature and, as an 
additional precaution, the condensers C, to C, were intercalibrated 
with C, before and after each determination. 

Results.—The following results, obtained with benzene, are given, 
not as having any absolute significance but simply as an example 
of the degree of consistency so far observed in repeated measure- 
ments on the same material. This we regard as an important 
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criterion of the precision of the method. The benzene was rigorously 
purified by fractional distillation and fractional crystallisation and 
was finally distilled over phosphorus pentoxide, but without any 
attempt to attain intensive drying. 

Dielectric Constant of Benzene at 25-5°. Frequency 65 x 10% 
cycles per second. 


OR 1) oaiscinsccsvneys 2-2380 2-2392 2-2396 2-2388 
Mean 2:°2389 
Diff. from mean......... —0-0009 +0-0003 +0:-0007 —0-0001 


Mean difference from mean +0-0005. 


It is interesting to make a comparison, as to consistency, between 
our results and those of Turner (Z. physikal. Chem., 1900, 35, 385), 
who, using the method of Nernst (ibid., 1894, 14, 622), applied to 
carefully purified benzene, obtained the following data, which are 
commonly cited as the most accurate available. The frequency 
was low but unspecified, and the results were corrected to 18°. 
eT en whe 2-290 2-291 2-285 2-288 2-293 2-292 2.286 
Mean 2-289. 


+0-001 +0-002 —0-004 —0-001 +0-004 +0-003 —0-003 
Mean difference from mean +0-003. 


eereee 


During our measurements no special precautions were taken to 
maintain room temperature constant and there is much evidence 
that even the small differences here recorded are due to small 
changes in the temperature of the various parts of the apparatus. 
Hence it seems probable that, under more constant temperature 
conditions, still greater precision may be attained by the method. 

Note.—Since the completion of the above measurements, a further 
contribution to the measurement of dielectric constants has been 
made by Griitzmacher (Z. Physik, 1924, 28, 342). Results for 
benzene, stated to the fourth decimal place and, from internal 
evidence, probably significant to the third decimal place, are there 
given, but as only one result is recorded for each temperature we 
are unable to compare the consistency of the measurements with 
that obtained by our method. 


ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, October 11th, 1924. ] 


L.—Studies in Electro-endosmosis. Part III. 
By Frep FarIrRBROTHER and HaroLp MastTIN. 


In the first paper of this series (J., 1924, 125, 2319), a method was 
described for the measurement of electro-endosmosis and at the 
same time of the potential gradient across the diaphragm. The 
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method was illustrated by measurements of the effect of acid and 
alkali on the electro-endosmosis through a diaphragm of carborun- 
dum powder. An account is now given of the effect of a number 
of other ions on the same diaphragm. 

With the exception of a few experiments of Perrin, using sodium 
bromide and lanthanum nitrate in neutral or weak alkaline solution, 
there appear to be no data respecting the effect of ions other than 
hydrogen and hydroxyl on the electro-endosmosis through a 
diaphragm of carborundum powder. 

A word may be said on the choice of a suitable diaphragm material 
for making unambiguous electro-endosmotic measurements. This 
is not particularly easy. It is clearly desirable that there should 
be no doubt as to whether the surface of the solid phase is attacked 
chemically by the solute or solvent. In this connexion, it is illumin- 
ating to study the conductivity of a dilute solution in some powder 
which en masse may appear quite resistant chemically, as, for 
example, powdered crystalline alumina. The conductivity of the 
mixture alters considerably with time, increasing or decreasing 
according to the previous history of the powder. Quartz, par- 
ticularly if finely powdered, in some solutions, suffers from the 
same complaint in a lesser degree. Carborundum, on the other 
hand, possesses a surface which is very resistant to chemical action. 


ExPERIMENTAL. 


The experimental details of the measurements were as given in 
Part I. The potassium salts were obtained as pure as possible by 
recrystallisation; the aluminium chloride was Kahlbaum’s “ Kauf- 
liche.”” The dilute solutions were made up by the progressive 
dilution of stronger standard ones. The aluminium chloride and 
thorium nitrate solutions were made from stock solutions originally 
of about M /10-strength ; these were standardised after the hydroxide 
had settled out. The factor of the aluminium chloride was 0-86 
and of the thorium nitrate 0-91, both with respect to the kation. 

It is desirable, as McBain (J. Physical Chem., 1924, 28, 706) has 
pointed out, to give the full experimental data, in view of the 
assumptions made in calculating ¢ In the present case, this 
would require a prohibitive amount of space for the figures. On 
the other hand, it would be misleading to give averages of the 
velocities and potential gradients, since £ is not a linear function 
of these magnitudes. 

The following plan has therefore been adopted: in Table I, 
V refers to the volume of liquid transported in each experiment, 
whilst 7’ and £ refer respectively to the time and the potential 
gradient across the diaphragm in a single typical estimation. From 
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these figures {, has been calculated. Under Z,, are given the average 
values of £ from N different observations. The present estimations, 
with the exception of those in barium chloride solutions, were in 
general much more uniform and reproducible than those in water 
or acid or alkaline solutions. £ has been calculated in each case on 
the basis of the calibration of the diaphragm with N /10-potassium 
chloride. 
TABLE I. 


T &Ez ¢r 
Electrolyte. Conc. .c. secs. volts. volt. 
KCl N/50,000 . 33-7 69:0 —0-0729 
N/12,500 . 31-6 53-6 —0-0667 
N/3125 15 273 51-5 —0-0602 
N/781-2 34:1 35:0 —0-0473 
N/195-3 35-0 26-8 —0-0301 
N [48-8 29-2 21-4 —0-0181 
N /50,000 31-9 43-1 —0-0821 
N/12,500 33-8 34-7 —0-0722 
N [3125 33-1 15:5 —0-0550 
N/781-2 33-4 24:3 —0-0487 
N/195-3 33-1 19-5 —0-0350 
N/50,000 29-1 45-9 --0-0634 
N/12,500 25-3 40:7 —0-0548 
N [3125 42:8 26-4 —0-0500 
N/781-2 38-0 16-0 —0-0372 
N/195-3 32-0 19:5 —0-0362 
N /48-8 34-7 12:0 —0-0271 
N/100,000 26-1 43-8 —0-0494 
N/50,000 26-2 50-1 —0-0430 
N/12,500 315 43-7 —0-0410 
N/3125 30-8 33-8 —0-0271 
N/781:-2 26-3 17-8 —0-0241 
N/195-3 40-6 49-1 —0-0085 
N/48-8 38-4 38:1 —0-0039 


N’/800,000 0:20 245 688 —0-0670 14 

NV /400,000 0-15 266 63-6 —0-0501 12 

N/200,000 0-06 316 177-7 —0-0138 18 

N/100,000 Small, but distinctly positive charge on the 
carborundum. 

N/50,000 0:05 266 57:6 +0-0184 +0-0184 

N /12,500 , 26-7 31:3 +0-0406 +0-0402 

N/3125 . 32-1 41-9 +0-0420 +0-0422 

N/781-2 . 42-0 33-8 -+0-0398 +0-0398 

N/195-3 . 28-4 283 -+0-0351 +0-0350 


SPESSSSSSSSSSSSSSSIOSSOS 
COCO FM RK OOCOF KKH OCOrFNCOF 
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30-4 65:6 —0-0708 —0-0706 
35-0 42-8 —0-0565 —0-0574 
23-9 20-0 —0-0118 —0-0116 
22-7 70-6 +0-0352 +0-0352 
22-8 46-2 +0-0536 +0-0536 
26-1 40-6 -+0-0799 +0-0798 
30-6 33-7 +0-0822 +0-0822 
26-6 288 -+0-0737 +0-0735 
26-7 23:9 +0-0619 +0-0618 


NV/800,000 
NV /400,000 
N/200,000 
N/100,000 
N/50,000 
N/12,500 
N/3125 
N/781:2 
N/195-3 


NOanaooran 


The mean values of £ are shown graphically on the accompanying 
diagram. 
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The values for distilled water showed greater variation than those 
for the solutions; — 0-0698 volt, the mean of fifteen independent 
determinations, has been adopted as a probable figure. 

The results may be summarised as follows: Anions have’com- 
paratively little effect; the quadrivalent ferrocyanide ion appears to 
be slightly abnormal. Kations tend to annul, and then, in§the 


Fic. 1. 


Thnd,), 


—0°08 


Water | _N | ; » Nn N N N N 
200,000 | 50,000 12,500 3,125 781°3 195 48°8 
N N 

400,000 100,000 


case of ter- and quadri-valent ions, to reverse the sign of the charge 
of carborundum in water, which is originally negative. The 
effect becomes much more marked as one passes from univalent 
potassium to bivalent barium and on to ter- and quadri-valent ions. 
Al" and Th”” give a maximum positive charge to carborundum 
at about N/4000. It may be noted that Al” and Th” produce 
an appreciable effect even at a concentration of 5-0 x 10°6N, the 
sign of the charge being reversed at 10°5N. At these dilutions, 
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the conductivity due to the added salt is of the same order as, or 
even less than, the conductivity of the water. 10-°N-Aluminium 
chloride contains only a few tenths of a milligram of salt per litre. 

In very low concentrations of potassium salts, the value of ¢ is 
higher (more negative) than in water. This may be discounted to 
some extent on account of experimental error due to contamination 
with atmospheric carbon dioxide, On the other hand, £in N /50,000- 
potassium sulphate was more negative than the most negative water 
value obtained. 

There are no electro-endosmosis results with which the present 
ones can be directly compared, but there is a striking similarity 
between them and Kruyt’s (Kolloid-Z., 1918, 22, 81) values for the 
effect of kations on stream potentials in glass capillary tubes. 
Kruyt found that the charge of the glass capillary tube was reversed 
in sign in aluminium chloride of a concentration of 1 micro-mol, 
per litre, which is even lower than that found for carborundum in 
the present work. Kruyt also obtained maximum negative values 
for the charge on glass in extremely dilute solutions of several salts. 

A close parallel to this increase of negative charge in very dilute 
solution is found in some recent work of Alty (Proc. Roy. Soc., 
1924, 106, 315), who found that the velocity of cataphoresis of air 
bubbles in water varied with the conductivity of the water. He 
states: “‘ The results . . . indicate that the reduction of charge 
does not commence until a definite concentration of ions is reached, 
while below this the ions have the reverse effect and augment the 
bubble velocity.”’ The foregoing results indicate that with carbor- 
undum, at any rate in solutions of potassium salts, the same is 
true. In solutions of salts of ter- and quadri-valent ions, the 
concentrations below which an increase of negative charge could 
take place are so very low that experimental errors due to carbon 
dioxide and other dissolved impurities make it very difficult to 
obtain trustworthy data. 

Summary. 

(1) The effect of anions and kations on electro-endosmosis 
through a diaphragm of carborundum powder has been examined. 
Kations tend to annul the (negative) electrokinetic potential of 
carborundum against aqueous electrolytes and, in the case of ter- 
and quadri-valent ions, to charge the carborundum positively 
against the solution. 

Anions have comparatively little effect. 

(2) Al’ and Th” reverse the sign of the charge at concen- 
trations of only a few micro-mols. per litre. 

(3) In very low concentrations of potassium salts the carborundum 
is more negative than in water. 
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(4) The present results show a great similarity to Kruyt’s results 
for stream potentials in glass capillary tubes. 


The authors are indebted to the Chemical Society Research 
Fund and to the Brunner Mond Research Grant to this Department 
for assistance in the above work. 
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LI.—A Comparison between the Homogeneous 
Thermal Decomposition of Nitrous Oxide and its 
Heterogeneous Catalytic Decomposition on the 
Surface of Platinum. 


By Cyriz Norman HINSHELWOOD and CHARLES Ross PRICHARD. 


Muc# interest lies in the problem of the conditions under which 
catalytic reactions take place at solid surfaces, and for the elucid- 
ation of such heterogeneous changes one of the first necessities 
seems to be the careful comparison of a number of catalysed with 
the corresponding uncatalysed reactions. But no complete study 
appears hitherto to have been made of a simple change caused to 


proceed on the one hand in the homogeneous gaseous phase and 
on the other hand at the surface of a solid catalyst. The difficulty 
has always been to realise experimentally the conditions for isolating 
the two types of reaction so that they may be separately investi- 
gated. Such a comparative study is made in this paper for the 
thermal decomposition of nitrous oxide. The kinetics of the 
homogeneous reaction were described in a previous paper (Proc. 
Roy. Soc., 1924, [A], 106, 284) and experiments on the hetero- 
geneous reaction at the surface of a platinum wire are now added. 
The homogeneous reaction is bimolecular, and at 795° is unaffected 
by the presence of platinum foil; thus if any reaction takes place 
at the surface of the platinum, it is slow compared with the homo- 
geneous change and cannot be measured. If, however, a wire is 
heated electrically, it should be possible to find a temperature where 
the surface reaction attains a measurable speed, and by keeping 
the bulk of the gas cold the homogeneous reaction should be elimin- 
ated, since at a distance from the wire of the order of a mean free 
path the temperature of the gas falls several hundred degrees 
below that of the wire. It was realised that the homogeneous 
reaction proceeding in a thin layer of gas round the wire might be 
a serious factor, but experiments made with two different platinum 
wires over a range of temperature from 600—1200° showed 
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that the reaction under these conditions was the true surface 
reaction. 

The Apparatus.—The essential part of the apparatus consists of 
a cylindrical bulb about 16 cm. long and 3-5 cm. in diameter, with 
the platinum wire stretched axially and sealed through small plugs 
of glass at the ends. Leads of negligible resistance connect with 
the battery of accumulators, rheostat, ammeter, and a voltmeter 
in parallel with the heated wire. Capillary tubes lead to a Gaede 
pump, nitrous oxide supply, and a capillary manometer. The 
reaction bulb is kept immersed in melting ice. 

Determination of the Temperature of the Wire.—Simultaneous 
readings of ammeter and voltmeter while the wire was heated gave 
its resistance to within 0-2%. From this the temperature of the 
wire was calculated, the resistance at 0° and the temperature— 
resistance curve of the wire having been separately measured. A 
correction, which amounted to about 5%, was made for the resist- 
ance of the unheated portion of the wire passing through the seals. 
Since the brightness of the wire appeared uniform along the whole 
length, the temperature was probably quite uniform, as was to 
be expected from the axial situation of the wire and the absence 
of any bendsorloops. With regard to constancy and reproducibility, 
the temperature was probably controllable to within a degree or 
two in the region of 1000°, and although this cannot be claimed for 
the absolute values of the temperature, owing to the end corrections, 
these values should be substantially correct. It may be mentioned 
here that the two wires with rather different temperature—resistance 
curves gave concordant values for the temperature coefficient of 
the reaction velocity. Thermal equilibrium was _ established 
within a second when the current was switched on, and remained 
quite steady as long as the bulb was kept in ice. 

Method of Experiment.—Nitrous oxide at a known pressure was 
let into the apparatus at 0°. The current was switched on for a 
suitable period, measured by a stop-watch, and then switched off. 
The wire cooled instantly and the pressure of the gas was again 
measured at 0°. The increase gave the amount of decomposition. 
The current was then switched on again and the process repeated. 
As the reaction proceeded, the thermal conductivity of the gas 
changed slightly, and rather more energy had to be supplied to 
keep the temperature constant. With nitrous oxide at a pressure 
of 200 mm., an initial voltage of 10-00 would need to be raised to 
10-20 during the reaction to keep the resistance of the wire at its 
original value. 

Figs. 1 and 2 show that quite regular curves are obtained by 
plotting decomposition against time. When the wire was in good 
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condition, very concordant results could be obtained, as the following 
figures show : 


600 900 
52 62 
52} 61} 

The Influence of Pressure.—The influence of pressure is remark- 
able, the percentage decomposition in a given time increasing as 
the initial pressure of nitrous oxide diminishes, in striking contrast 
with the homogeneous reaction. The curves in Fig. 1, obtained 
with wire 2 at 909°, illustrate this. 

There is no question of the results being affected by a drift in 
the activity of the platinum, since a final experiment at 200 mm. 
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200 400 
Time in seconds. 
Influence of initial pressure on catalytic decomposition of nitrous oxide. 
The points marked with circles on the 200 mm.-curve were obtained in the first 
experiment of the whole series ; those marked with crosses, in the last. 
agreed well with the first. The times required for half the nitrous 
oxide to decompose, “ half-life’? were as follows : 


Initial pressure of N,O in mm. ...... 100 200 400 
Half-life in seconds 145 242 395 


Another set of experiments with wire 1 at 889° gave 
Initial pressure 100 200 400 
Half-life in seconds 540, 590 1290, 1230 3690 


The explanation is as follows. It is shown in the next section 
that the oxygen formed in the decomposition retards the reaction. 
The retardation depends upon the fraction of the platinum surface 
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covered by adsorbed oxygen and this in turn depends upon the 
absolute pressure of the oxygen, not upon its pressure relative to 
that of the nitrous oxide. Hence the retardation by oxygen is 
through every stage of the reaction greater for high than for low 
initial pressures of nitrous oxide. 

The Influence of Added Oxygen and of Nitrogen.—Nitrogen 
appeared to have a slight retarding influence, but almost negligible 
in comparison with that of oxygen. These influences are shown 
by the following table and by the curves in Fig. 2: 


Per cent. decomposed in 
100 200 300 400secs. 
28 43 53-5 60 
00 mm. N, 22-5 38°5 48-5 55 
00 mm. N, 19-5 34 43 51 
OP MN Oe ecsescsetece 4 6 10 
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1000 2000 3000 4000 5000 
Time in seconds. 

Influence of oxygen on the catalytic decomposition of nitrous oxide. Initial 
pressure of N,O = 200 mm. Temperature 910°. 

The quantitative relation between oxygen pressure and initial 
velocity was now examined. Nitrous oxide and oxygen at known 
pressures were introduced and the wire was heated for 60 seconds. 
The percentage decomposition in this time gave an approximate 
measure of the reaction velocity. Between the experiments the wire 
was heated to a standard higher temperature (1500°) in a vacuum 
to drive out any oxygen which had started to dissolve in the wire. 

Pressure of N,O, 200 mm. in each case. Temperature 911°. p = average 
pressure (mm.) of oxygen. r = observed rate of reaction as percentage in 
60 seconds. s = rate calculated from the expression 64/(1 + 0-02 7p). 


40 74:5 112 159 206 257 305 
35 29 20 14 10 10 10 
36 26 20 15 12-5 10-4 9 
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Thus the oxygen adsorption seems to follow an isotherm of the 
type discussed in Freundlich’s ‘“ Kapillarchemie,’ 2nd edition, 
1922, p. 175 et seq. 

If o« be the fraction of the surface covered by the retarding film 
and 1 — o the fraction free, then for equilibrium, equating the rate 
of condensation and the rate of evaporation at a given oxygen 
pressure, p, we have ¢,o = c,(1—o)p,c, and c, being constants, whence 
l1—o = ¢,/(c, + cop) = 1/(1 + bp), where b = c,/c,. Thus the 
rate of reaction should be proportional to 1/(1 + bp). The bottom 
line of the above table shows that this is adequately fulfilled. 

The Dynamics of the Reaction.—All the observed phenomena are 
adequately expressed by the equation 


d{N,0] __&{N,0] dx 


dad ~1+00.)” a 


whence 


The equation may be tested by the following criteria : 

1. For a given pressure of oxygen the initial rate of reaction is 
proportional to the pressure of nitrous oxide, or, expressed as a 
percentage, is independent of the pressure. Thus, with 100 mm. O, 
added initially, the following initial rates were found: 100 mm. 
N,O, 1:0% per minute; 30 mm. N,O, 1-:0% per minute; 100 mm, 
N,O, 10% per minute. 

2. The retarding influence of added oxygen is satisfactorily 
expressed. 

3. It expresses the decrease in the “ half-life ’’ of the nitrous 
oxide with diminishing pressure. Thus the “ half-life,” 7, is given 
by 1/k{(1 + ab) log, 2 — ab/2'; if we take the half-life at 200 mm. 
as unity, and b as 0-020, the values are : 


A set of ratios found for a wire having a 6 value of approximately 
0-020 were actually 0-60, 1-00, 1-63. 

4. Its quantitative accuracy may be tested as follows. If in 
the integrated equation we put 1 /t log, a/(a —x) = k,, and a/t = v, 
it will be seen that k,, should be a linear function of v, and the 
linearity of the relation is a characteristic test of the form of the 
equation, not influenced by the choice of the constants, which only 
determine the slope of the line and its intercepts on the axes. Since 
v = (a + 1/b)k,, — k/b, the slope will be a + 1/6 and the intercept 
on the v axis will be — k/b, whence k and 6 may befound. The 
following two experiments are quoted as typical of many. 
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Temperature 911°. @ = 95. v + 0-190 


kim= Km 
t(secs.). v=a/t. l/tloga/(a — x). v + 0-190. a+ 1/b. 

0-500 0-00558 0-690 123-8 
0-400 0-00473 0-590 124-6 
0-333 0-00422 0-523 124-1 
0-266 0-00364 0-456 125-7 
0-222 0-00332 0-412 124-0 
0-178 0-00296 0-368 124-3 
0-140 0-00267 0-330 123-8 
0-108 0-00249 0-298 119-8 

Av. 124-3 


The linear relationship is shown by Fig. 3 and by the last column. 
The intercept on the line k,, = 0 is — 0-190. Thus k/b = 0-190 
and since a + 1/b = 124-3, we have k = 0-00647 and b = 0-0341. 


Temperature 741°, a@ = 95. 
t (sees. ). v. km v + 0-0135. (v + 0-0135) /k,. 
315 0-0318 0-000353 0-0453 129-3 
750 0-0267 0-000315 0-0402 127°8 
1400 0-0214 0-000271 0-0349 128-6 
2250 0-0178 0-000243 0-0313 128-8 
3450 0-0145 0-000216 0-0280 129-5 
5150 0-0116 0-000194 0-0251 128-9 


whence k= 0-000400 and b = 0-0296. 


0-006 


0°4 0°5 


It will be seen that whereas k varies in these two experiments 
16-fold between 741° and 911°, the variation in b is very much 
smaller. Thus the retarding effect of the oxygen does not vary 
very markedly with temperature. 

The Influence of Temperature—Two series of experiments were 
made with different wires. 

First wire. Fig. 4 shows the effect of temperature on the initial 
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velocity as measured by the reciprocal of the time required for the 
decomposition to reach 10% (initial pressure 200 mm.)—this 
initial velocity being used so that any influence of the oxygen 
retardation would be reduced to a minimum. The value of the 
heat of activation obtained from the slope of the curve is 35,000 
calories per gram-molecule, and is seen to be constant within the 


limit of experimental error. 


t = Time (secs.) for decomposition to reach 10%. 


logit 1/7107. T° (abs.) logis t 1/7'x 10’. 
lll 6642 1109 470 : 9,023 
0-95 6906 1085 500 9,214 
140 7172 994 4,300 10,060 
158 7554 944 9,300 ; 10,590 
2:15 8307 893 29,000 . 11,200 
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8,000 9,000 10,000 11,000 
1/T x 10°. 
Influence of temperature on the heterogeneous decomposition of nitrous oxide on 
a platinum wire. 


Second wire. The surface area of this wire was 1-5 times as great 
as that of the first. At corresponding temperatures it was about 
3 times as active. The following is a brief summary of the results. 
The initial pressure of nitrous oxide was 200 mm. 


Time in seconds for decomposition to go from 
10— o— 10— 
30%. ; 3. 10%. 30%. 

27 26 77 
35 90 290 
48 116 534 
70 315 1085 
88 1230 6570 
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The heats of activation were obtained separately for the ranges 
0—10%, 10—30%, 30—50%, from the graphs of 1/7’ and log ¢. 
The values were 33,000, 36,800, and 42,500. Whence, by extra- 
polation to zero decomposition, the value 31,500 isfound. Applying 
an equal correction to the previous value of 35,000, we have for the 
heat of activation corresponding to initial velocities 


First wire 33,500 calories ° 
Second wire 31,500 calories \ Mean 32,500 calories. 


Behaviour of the Platinum. Final Proof that the Reaction is 
Heterogeneous.—The activity of the annealed platinum wires was 
satisfactorily reproducible unless they had been in contact with 
oxygen at fairly high pressure. This treatment tended to cause a 
gradual and progressive diminution in activity from one experiment 
to another, indicating an actual solution of the oxygen in the plati- 
num distinct from the reversible surface adsorption. The following 
experiments, carried out at the end when there was no longer any 
need to keep the wire in a constant condition, bring the effect clearly 
to light. The wire, which in its normal condition had caused the 
decomposition of 46° in 200 seconds at 910° and 200 mm. N,0, 
was heated at about 1400° in an atmosphere of oxygen and allowed 
to cool in the oxygen, which was then pumped off. It now caused 
the decomposition of 3° only, under the same conditions as before. 
After heating in a vacuum once more to a high temperature, it 
regained more than its original activity, decomposing 56-5% in 
200 seconds. 

It is important to note that, since poisoning the wire by dissolved 
oxygen can cut down the rate of change from 46% in 200 seconds 
to 3%, the heterogeneous nature of the reaction is conclusively 
shown. 

Comparison of the Heterogeneous Decomposition of Nitrous Oxide 
with its Homogeneous Decomposition.—The homogeneous reaction 
depends upon the collision of two molecules whose energy together 
exceeds 58,500 calories (in terms of gram-molecules). The catalytic 
decomposition, on the other hand, is a unimolecular process. The 
unimolecular change N,O = N, + O could not occur homogene- 
ously at 1000° at more than a negligibly small rate compared with 
the other reactions, since it would involve the production of atomic 
oxygen and the absorption of about 60,000 calories. The heat of 
activation would therefore probably be enormous. In the catalytic 
reaction the function of the surface is thus to act as an acceptor 
for atomic oxygen, thereby rendering possible a unimolecular in 
place of a bimolecular process. This must be regarded as the 
principal function of the catalyst. 

What makes the odd oxygen atom more easily detachable is its 
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affinity either for the platinum or for atomic oxygen already on the 
platinum. Three mechanisms are conceivable: 1. Nitrous oxide 
gives its oxygen atom to the bare platinum surface. A retarding 
film of atomic oxygen forms. 2a. Nitrous oxide reacts by striking 
atomic oxygen already on the platinum. 2b. Nitrous oxide reacts 
with ‘atomic oxygen in gaps in a film of the latter (mechanism anal- 
ogous to that suggested for interaction of nitrous oxide and hydrogen 
on platinum). (1) is the natural and probably correct explanation, 
leading to the correct equation for the reaction velocity. The one 
difficulty which it presents arises from Langmuir’s statement (Trans. 
Faraday Soc., 1922, 17, 653) that even at 1500° Abs. and very low 
pressures platinum remains completely covered with atomic oxygen. 
If this is true, the retarding film which forms during the decomposi- 
tion of nitrous oxide, and which is only half completed at about 
60 mm. O,, would have to be of a new kind, namely, a layer of 
molecular oxygen adsorbed on the primary layer of atomic oxygen. 
Mechanism (2a), otherwise inadmissible, would then have to be 
assumed. But Langmuir’s statement may not be true of the 
platinum wires used by us, and then there is no need to go beyond (1). 
(It will not do to assume that the presence of nitrous oxide interferes 
with the completion of the oxygen film, since this would imply 
fairly strong adsorption of the nitrous oxide itself, in which case 
the velocity equation would not be of the right form.) (26) could 
apply only if the atomic oxygen film covered nearly the whole surface 
from quite small pressures, because otherwise the greatest velocity 
would not be at the beginning of the reaction when there is little 
or no oxygen present. Nitrous oxide reacting in gaps in a nearly 
complete film would obey the equation—d[N,O]/dt = k[N,0]/[0,]- 
This demands inverse proportionality of rate to oxygen pressure, to 
which simple form the actual relation does not reduce. The balance 
of evidence is in favour of (1) and an oxygen film half complete at 
60 mm. 

With regard to the various energy relationships : 

Homogeneous reaction, H = 58,500 calories for 2 gram-molecules. 
Surface reaction, # = 32,500 calories for 1 gram-molecule. 

Although the real physical significance of H is abundantly shown 
for homogeneous reactions, in surface reactions it is a more complex 
quantity. If the attempted extrapolation of HZ to zero decompo- 
sition really eliminates the influence of the oxygen film, then it is 
probable that 30,000 calories is of the right order for the actual 
energy of activation. It would then appear that the catalytic 
reaction has a great advantage over the hypothetical homogeneous 
unimolecular reaction, which would demand a minimum activation 
of 60,000 calories per gram-molecule. 
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The average activation required by a single molecule in the 
bimolecular homogeneous reaction is 29,250 calories, so that, 
molecule for molecule, the catalytic reaction appears to have little 
advantage from the point of view of energy; we may therefore 
conclude that the main function of the éatalyst in this case is to 
render possible a unimolecular process in place of one requiring the 
co-operation of two simultaneously activated molecules. 

It may perhaps be pointed out in conclusion that any attempt 
to place a “quantum” interpretation upon the fact that the 
experimentally determined HE for the catalytic reaction is about 
half that for the homogeneous reaction is to be deprecated. Such 
attempts are not in the least justified. 


Summary. 


The heterogeneous thermal decomposition of nitrous oxide on 
a platinum wire has been investigated between 600° and 1200°, 
the homogeneous change at these temperatures being eliminated 
by heating the wire only. 

The reaction is retarded by oxygen, and proceeds relatively 
faster at low than at high pressures. 

The velocity is represented by the equation : 

— d{N,Ol/dt = K{N,O}/(1 + B[0,}). 

The experimentally determined heat of activation in the catalytic 
reaction is 32,500 calories per gram-molecule. 

A comparison is made of this catalytic reaction with the homo- 
geneous bimolecular decomposition, and with the hypothetical 
homogeneous unimolecular decomposition, and the mechanism of 
the catalysis discussed. 


- 
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part of the apparatus used in this investigation was purchased. 
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LII.—The Hydrolytic Decomposition of Phosphorus 
T richloride. 


By Atrec Duncan MITCHELL. 


THE reactions of phosphorous and hypophosphorous acids, which 
have been studied by the author during the last 4 years, have led 
to the conclusion that each of these acids exists in two forms, of 
which one is relatively inert (especially in the case of hypophos- 
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phorous acid) and the other is mainly responsible for the reducing 
properties. Certain considerations have been advanced which 
point to tautomeric structures in each case, thus : 


HPO(OH), —= (HO),P and H,PO(OH) == HP(OH),. 


Kinetic studies of the reactions indicate that the more strongly 
reducing isomeride is normally present in only very small propor- 
tions, and comparison with the properties of organic analogues has 
been shown to suggest a tervalent phosphorus structure for this 
isomeride, whereas the more stable, normal form of each acid con- 
tains a quinquevalent phosphorus atom. (The term “ quinque- 
valent ’’ is here applied, for convenience, in the classical sense and 
without prejudice to the more probable co-ordinated structure.) 

Such an hypothesis receives further support from a consideration 
of the properties of nitriles and isonitriles, in which, again, the more 
pronounced reducing properties are associated with the lower 
valency of the carbon atom, and the greater stability with the 
higher valency. 

If these views be correct, it would be expected that, during the 
decomposition of phosphorus trichloride by water, the compound 
P(OH), would be formed as an intermediate stage which would 
change rapidly, but not instantly, into the ordinary form of phos- 
phorous acid. Such a change would not be expected to be instan- 
taneous, because the reverse change in the equilibrium has been 
found to be measurable. 

The object of the present research was to test the truth of this 
deduction, and it may be stated at once that, although there are 
certain complications, there is considerable evidence in favour of its 
validity and therefore of the fundamental hypothesis. 


EXPERIMENTAL. 


The phosphorus trichloride used was the pure article of commerce 
and was carefully redistilled shortly before use. Its purity was 
checked by decomposing it with water, and, after several hours, 
carrying out (a) a volumetric estimation of chloride, and (b) a titr- 
ation of the acidity produced, using both methyl-orange and 
phenolphthalein as indicators, the corresponding titres being very 
closely in the ratio 4 : 5 as required; the results showed the purity 
to be 99-6 and 99-8% as calculated from (a) and (b) respectively. 

The method at first adopted was as follows. Equal weights 
of phosphorus trichloride (usually 1 or 2 c.c. = 1-60 or 3-20 g.) 
were sealed up in thin glass bulbs; one was broken by vigorous 
shaking in a measured volume of water at a temperature (found 
by control experiments) such that the heat of reaction raised the 
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whole mixture to 25°; after 15 seconds of such shaking, the solution 
appeared homogeneous and was at once mixed with a known volume 
of standardised iodine solution. Definite portions were withdrawn 
by a pipette from time to time and titrated by standard sodium 
thiosulphate solution. Other bulbs were similarly broken and the 
resulting solutions kept for definite periods before being allowed to 
react with iodine under exactly the same conditions. The first 
solution effected reduction very much more rapidly than one which 
had been kept for, say, 30 minutes, and the latter, in turn, was con- 
siderably more reactive than one which had been kept for, say, 
4 hours. By constructing curves showing the relation between 
velocity of reaction and concentration of unchanged iodine, it was 
found that the velocity did not fall to the normal value until after 
the expiration of at least 2 hours, where the normal value is that 
given, for the same concentration of iodine, by a solution which 
has stood for 24 hours or by an artificial mixture of the appropriate 
amounts of phosphorous and hydrochloric acids. Table I shows 
the results of a typical experiment in which 3-20 g. of phosphorus 
trichloride and 200 c.c. of water (giving 201-2 c.c. of solution) react 
with 10 c.c. of approximately N/2 iodine, the reaction being started 
(i) 15 seconds and (ii) 24 hours after breaking the bulbs. Titres are 
shown, after intervals of time in minutes, for 10 c.c. against N /100- 
sodium thiosulphate. 


TABLE I. 

(i.) (il.) 
Titre. Difference. Time. Titre. Difference. 
23-59 -—— 23-59 — 
21-03 2-56 20-74 2-85 
18-59 5-00 19-16 4-43 
17-42 6°17 17-87 5-72 
16-25 7-34 16-73 6°86 
15-65 7-94 15-67 7-92 
15-20 8-39 14-17 9-42 
14-30 9-29 13-20 10-39 
13-30 10-29 11-87 11-72 
11-98 11-61 11-00 12-59 
11-17 12-42 
10-07 13-52 

9-33 14-26 


The initial velocity of (i) is about 60 times that of (ii), but they 
become equal, within the limits of experimental error, for equal 
concentrations of iodine, at a stage corresponding to about 115 
minutes after the initial decomposition in (i). In another experi- 
ment, using double the concentrations of phosphorus trichloride, 
the control was broken 3 days before starting reaction with iodine, 
and the other tube 31 minutes before. The curves connecting 
velocity of reaction with concentration of iodine differed widely at 
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first, but became sensibly identical at an iodine concentration 
corresponding to 150 minutes of the second reaction—or 181 minutes 
after the initial decomposition. 

It was thus obvious that the “ nascent’’ solution contained 
one or more constituents, other than normal phosphorous acid, 
which reacted very readily with iodine and were lacking in a solu- 
tion which had been similarly made and kept for 24 hours. 

In order to follow the decomposition from another point of view; 
and also to see whether these differences were caused by the tran- 
sient existence of an oxychloride, solutions were made as before, 
and, after 15 seconds, rapidly titrated by 2N-sodium hydroxide.* 
The end-point thus reached was not permanent and the subsequent 
further development of acidity was followed by N/5-alkali. In 
other experiments, measured portions of the solution were with- 
drawn from time to time and titrated with alkali. Both methods 
showed that only about 98% of the final acidity was attained within 
1 minute, and that the remainder was developed with decreasing 
rapidity during the next 30 minutes, after which no further increase 
could be detected. This type of experiment is exemplified in 
Table II, which is placed later in another connexion. The hypo- 
thetical (HO),P would probably resemble phosphoric acid in its 
basicity, and, in any case, it would not behave in such a way that 
its change to HPO(OH), would result in an increase of acidity; its 
existence would therefore not account for these observations. 

The results just described made it clear that a compound of 
the type P(OH),Cl persists for some 30 minutes under the con- 
ditions of experiment, and this might be responsible for a part, 
at least, of the enhanced reducing power. It was therefore necessary 
to make some more precise measurements on the persistence of this 
increased reducing power in order to ascertain definitely whether it 
outlasted the increase of acidity, or, in other words, whether it 
actually persisted for a period’ of some hours or whether it became 
inappreciable after 30 minutes. A more crucial type of experiment 
was devised: 3-2 g. (2 c.c.) of phosphorus trichloride and 200 c.c. 
of water at 18-4° were shaken for 15 seconds and attained the 
temperature of 25°; at short intervals, 20 c.c. of this mixture were 
mixed with 1 c.c. of N/2-iodine and kept for 1 minute; the mixture 
was then rapidly diluted and titrated with N /50-sodium thiosulphate. 
The deficiencies in titre, corresponding to iodine reduced, in the 


* The titres recorded refer to phenolphthalein as indicator, but parallel 
results were obtained with methyl-orange, so that the use of the more alkaline 
end-point does not appear to have hastened the decomposition of the inter- 
mediate oxychloride. Such a possibility is also excluded by the fact that 
similar results were obtained by decomposing with excess of alkali. 

N2 
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portions used after 1,* 2, 5-5, 11, and 17 minutes were 2-56, 1-64, 
1-29, 1-19, and 1-16 c.c., respectively, and the deficiency then 
decreased very slowly, being still perceptible after 4 hours: after 
24 hours, it was 0°15 c.c., of which 0-08 c.c is due to the ordinary 
reaction in the 1 minute involved. 

Experiments of this type showed definitely that the abnormally 
high reducing power outlasted the increase of acidity. Moreover, 
numerous experiments showed that, in the 20 minutes following the 
initial alkali titration, at least 89% (and usually about 93%) of the 
additional alkali had been added, whereas, in the same period, the 
reactivity towards iodine had decreased by 57% at most (and 
usually by only 45—50%); the hypothetical oxychloride does not, 
therefore, account for the whole of the observed exaltation in reduc- 
ing power. 

Table II illustrates two parallel experiments in each of which 
approximately 2 c.c. of phosphorus trichloride were decomposed 
by 100 c.c. of water; after definite intervals (of ¢ minutes), 10 c.c. 
of the resulting solutions were (i) titrated with 2N /5-sodium hydr- 
oxide, (ii) allowed to react for 1 minute with 1 c.c. of N/2-iodine. 
The table shows for (i) the alkali titre, and for (ii) the iodine con- 
sumption in c.c. as measured by N/50-sodium thiosulphate; in the 
case of (i) the titrated liquid was allowed to stand for a further 


period of ¢’ minutes (at the ordinary temperature), and the titration 
again completed (giving the values shown as final titres), the end- 
points thus obtained being definite for 24 hours. 


TABLE IT. 


Final 
titre. 
28-15 
28-20 
28-24 
28-25 
28-22 
28-27 
28-30 


1440 
Normal 0-12 
reaction. 


‘Numerous experiments have all given similar results, and the 
curves plotted from the decrease of iodine consumption with 
time differ in type from those representing increase of acidity with 
time and indicate, in agreement with the data quoted above, that 


-** On a separate experiment. 
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a pronounced and much more persistent reducing effect is super- 
imposed upon any similar effect which might be attributed to an 
oxychloride. The smallness of the titration differences and of the 
earlier time-intervals makes it impossible to attempt a mathematical 
analysis of the superimposed reducing effects, but it is possible to 
state that the development of acidity proceeds roughly according 
to a unimolecular law. 

The hydrolysis was always accompanied by a very slight but 
definite smell of “‘ phosphine,” although its formation did not become 
pronounced except at much higher temperatures. It was believed 
that the analytical figures quoted, which were obtained after similar 
decomposition, together with the use of control experiments through- 
out, precluded the possibility that any of the excess reduction might 
be due to this trace of by-product, but in order to test this possi- 
bility still further, a few experiments were carried out with freshly 
prepared solutions made from phosphonium iodide which was 
intentionally not purified. About 0-2 g. was dissolved in 100 c.c. 
of water, thus giving a concentration considerably greater than any 
possible concentration of phosphine in the foregoing experiments. 
Within a few seconds the solution was tested with regard to (i) its 
acidity and (ii) its effect on iodine solution. In the former case 
the slight acidity remained constant for several days, and, in the 
latter case, the small iodine consumption was instantaneous and 
showed no decrease when tested at intervals of several hours. In 
neither respect, therefore, is there any evidence that the results 
recorded are in any way due to the accidental presence of traces of 
impurities of this type. 

The reduction of mercuric chloride, instead of iodine, gives results 
similar to those described herein, but these were not investigated in 
detail. 

It may be mentioned that the oxychloride POCI is described in 
the literature, and that the corresponding arsenic compound is 
known to react with minimal quantities of water to give As(OH),Cl, 
but the phosphorus analogue is not recorded. 


Summary. 


1. The solution obtained by the hydrolytic decomposition of 
phosphorus trichloride has abnormally pronounced reducing proper- 
ties when first formed; after some hours, under the conditions of 
experiment, they become normal. 

2. The solution increases in acidity for about 4-hour, although 
about 98% of the final acidity is developed almost instantly; the 
intermediate formation of an oxychloride, such as P(OH),Cl, would 
account for this observation. 
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3. The duration of increased reducing power is far longer than 
can be attributed to the intermediate oxychloride, and it is suggested 
that it may be due to the second form of phosphorous acid, P(OH),, 
which does not immediately change to the ordinary form, HPO(OH),. 

4. The existence of such a second form has already been postulated 
by the author on other grounds. 


UNIVERSITY OF LONDON, 
SourH Kensineton, 8.W. [Received, November 20th, 1924.] 


LIII.—The Heats of Solution and of Decomposition 
of Chlorine Dioxide. 


By Henry Boors and EpmMunp Joun Bowen. 


THE heats of solution and of decomposition of chlorine dioxide are 
not recorded in the literature. On account of the increasing con- 
nexions recognised at the present day between structural theories 
and thermochemical data, it was thought that these measurements 
would be valuable. As a convenient source of chlorine dioxide 
free from chlorine, the method of preparation due to Bray (Z. physikal. 
Chem., 1906, 54, 463) was used, giving a gas containing about an 
equal volume of carbon dioxide, which did not interfere with the 
measurements to be described. Analyses were also carried out by 
the method devised by Bray, which was found to give accurate 
results. 

Heat of Solution.—A dried mixture of chlorine dioxide and carbon 
dioxidewas passed into about 200 c.c. of water contained in a vacuum- 
jacketed calorimeter, the neck of which was closed by a stopper 
carrying leading-in and exit tubes, a Beckmann thermometer, the 
electrical calibrating coil, and a syphon for emptying. After the 
passage of a suitable quantity of gas, the rise of temperature was 
noted, and the liquid run out and analysed. Stirring was per- 
formed effectively by the gas current and by gentle shaking from 
time to time. The carbon dioxide and chlorine dioxide passing 
through were estimated; the heat loss owing to their specific heats 
was negligible, but a correction was applied for the latent heat of 
the water vapour carried away in the gas stream, deduced from 
separate experiments with air. The temperature rises were repro- 
duced by expending electrical energy in a fine nichrome coil sealed 
in a very thin elongated glass bulb, using an accurate voltmeter 
and ammeter which had been used for other calorimetric work. 

The mean of a large number of determinations was 6600 -- 200 
calories per mol., independent of the concentration of the solution 
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produced. It is interesting to compare this with the heat of 
solution of chlorine monoxide, 9400 calories (Thomsen). 

Heat of Decomposition.—A vacuum-jacketed, narrow-necked vessel 
was fitted with a cemented-in stopper carrying a leading-in tube 
and a small spark-gap. A thin-walled glass capillary tube reached 
to the centre of the vessel and contained a thermo-junction com- 
posed of 40 gauge copper and constantan wire. This was connected 
to a sensitive voltmeter. The vessel, previously evacuated, was 
filled to a pressure less than atmospheric with a dried chlorine 
dioxide—carbon dioxide mixture, and the gas fired with a small 
spark. The explosions were never violent under these conditions. 
A typical graph of the voltmeter readings is shown in Fig. 1. After 
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an initial large rise of temperature, the gas quickly came into 
equilibrium with the walls of the vessel, which had a heat capacity 
large compared with that of the gas. Over a long period (a—d), 
the rate of cooling of the walls assumed a constant small value, 
permitting an easy extrapolation to the time of the explosion. 

For calibration, a loop of fine nichrome wire was introduced, 
the calorimeter being filled with air, and a suitable amount of 
electrical energy expended in it during a period of about 10 seconds, 
controlled by an accurate stop-watch. The wattage was measured 
with a voltmeter and ammeter which had been used before for 
calorimetric work. Curves of exactly the same character as Fig. 1 
were obtained. A correction of 7°%% was found to be necessary 
because of the heat conducted away along the leads of the calibrat- 
ing coil. The heat capacity of the coil introduced a negligible 


correction. 
In 18 preliminary measurements the amount of chlorine dioxide 
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in the calorimeter during each experiment was determined by 
measuring the pressure, using a capillary mercury manometer, the 
percentage of chlorine dioxide in the gaseous mixture being deter- 
mined by separate analyses. The mean value of these results was 
23,500 calories per mol. 

In the final experiments an evacuated vessel of known volume was 
connected in parallel with the calorimeter during the filling so that 
the same gaseous mixture entered both vessels. After discon- 
nexion, potassium iodide solution was allowed to enter and the liquid 
titrated. 

Other experiments showed that no undecomposed chlorine dioxide 
remained in the calorimeter after the explosion. 

Results.—Calories per division of millivoltmeter 1-110. Titrating 
flask—volume 275-0 c.c. Calorimeter—volume 480-0 c.c. 


Neutral iodine Extrapolated Heat of 
titre (c.c.) Mols. ClO,  thermo- decom- 
of flask. x 108 in couple position 
N/20. calorimeter. divisions. Calories. per mol. 


15-25 1-33 26-5 29-4 22,100 
25-00 2-18 47-5 52-7 24,100 
15-45 1-35 26-0 28-7 21,400 
15-25 1-33 27-0 30-0 22,500 
31-55 2-75 60-0 66-6 24,200 


Weighted mean of all results, 23,500 calories per mol. 


Taking the heat of decomposition of chlorine dioxide as 23,500 cals. 
per mol. from these experiments, and combining it with the heat 
of dissociation of chlorine, 55,000 cals. (Henglein, Z. anorg. Chem., 
1922, 123, 137; Wohl, Z. Elektrochem., 1924, 30, 36), we calculate 
for the imaginary process of the dissociation of a chlorine dioxide 
molecule into a chlorine atom and an oxygen molecule 


ClO, + 4000 cals. = Cl + O,. 


This small difference of energy between a molecule and the free 
atoms composing it is important in connexion with the meaning to 
be attached to a “ chemically active” molecule. The absorption 
spectrum of gaseous chlorine dioxide (Kabitz, Diss., Bonn, 1905) 
consists of groups of lines with an approximate constant frequency 
difference. This grouping is well emphasised in the bands of the 
substance dissolved in carbon tetrachloride (Bowen, J., 1923, 123, 
1199), which have almost exactly the same positions. According 
to the modern theory of band spectra, these bands are to be 
attributed to changes of vibrational quanta superimposed upon 
an electronic activation quantum change. Calculating from the 
observed constant frequency difference of 2 x 101% by the relation 
Q = Nhyv, we obtain for one vibrational quantum Q = 2000 calories. 
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This deduction neglects the difference between the vibrational 
quanta of normal and electronically activated molecules, but this 
difference is neglible here. We know from the application of the 
quantum theory to the specific heats of gases that vibrational 
quanta begin to make their appearance among the molecules at 
temperatures not far above the ordinary temperature. Since only 
two vibrational quanta are necessary to give a chlorine dioxide 
molecule an energy equal to its dissociation products, and since, as 
shown in a later paper, the gas is remarkably stable thermally, it 
would appear that energy of vibration is not sufficient to activate 
a molecule chemically, but that electronic activation is required. 


BALLIOL AND TRINITY PHysicaAL CHEMISTRY LABORATORY, 
OXFORD. [Received, December 11th, 1924.] 


LIV.—Cryoscopic Measurements with Nitrobenzene. 
Part III. Equilibrium in Nitrobenzene Solution. 


By FREDERICK STANLEY BRown. 


So far as the author is aware, no example of chemical equilibrium ~ 
in solution which obeys the law of mass action has been studied by 
the freezing-point method: most work in this direction has been 
done on strong electrolytes, which do not obey this law, and on 
associated substances, where this is doubtful. While working on 
associated substances, it was considered advisable to test the 
experimental methods by the study of examples which undoubtedly 
do obey the law of mass action : polynitro-aromatic compounds form, 
with aromatic hydrocarbons, molecular compounds which disso- 
ciate in solution in accordance with the law of mass action, as has 
been shown by solubility measurements (Behrend, Z. physikal. 
Chem., 1894, 15, 183; Kuriloff, cbid., 1897, 24, 697). 

In this paper, the dissociation of naphthalene picrate and of 
naphthalene-trinitrotoluene in nitrobenzene solution is investigated. 
Previous work (Brown and Bury, J., 1924, 125, 2219) has shown 
that naphthalene is a normal solute in nitrobenzene, and preliminary 
experiments have established the fact that trinitrotoluene and, 
somewhat surprisingly, picric acid are also normal. 


ExPERIMENTAL. 


The experimental methods have been fully described in previous 
papers (Roberts and Bury, J., 1923, 123, 2037; Brown and Bury, 
loc. cit.). All work described in this paper has been carried out 


in moist nitrobenzene in contact with the salt hydrate pair 
N* 
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Na,SO,,0—10H,O. It has been found advantageous to insert a 
thin copper disk as baffle plate in the inner tube, about half an inch 
above the surface of the liquid, to prevent splashing, which may 
cause an appreciable error in the calculated concentration of the 
remaining solution at the end of a long series. 

The compounds were prepared by crystallising equimolecular 
proportions of the pure components from alcohol, followed by slow 
drying in a vacuum over calcium chloride. Quick drying in a warm 
atmosphere results in loss of naphthalene. Naphthalene picrate was 
obtained in golden-yellow needles, m. p. 149-5°. Naphthalene- 
trinitrotoluene separated as very pale yellow needles, melting per- 
sistently at 96-4°, which is a little lower than the value 97—98° 
given by Hepp (Annalen, 1882, 215, 378). 


Results. 

In an equilibrium of the type AB == A -+ B, if n represents the 
total mols. of compound added, and « the fraction dissociated, there 
are at equilibrium (1—«)n mols. of undissociated compound and 
an of each of the two components, the total mols. of solute being 
(1+ «)n. By substituting this last value in Brown and Bury’s 
equation (4), one obtains the expression 


At = Af, + Aty = A{(1 + «)n + Cn,]/[(1 + «)n + (C + 1)n,], 


where 7, represents mols. of solvent, At, is the observed depression, 
C and Af, are the factors to compensate for the water in solution, 
and & has the value 55:81. This leads to 


a = n,/n[{At/(k —At)}} —C]—-1. . . . (I) 
If the concentrations in the mass action equation K = [A][B]/[AB] 


are again expressed as mol. fractions, we arrive at a value for the 
equilibrium constant in measurable quantities :— 


K = on/[1 — all tan+(C+1)m]. . . (2) 

The results are shown in the accompanying tables, each of which 
contains the collected data of three independent series. The 
first column gives the number of grams of compound per 100 grams 
of solvent (w), At, is the observed depression, «(obs.) and K are 
calculated from equations (1) and (2). The values of « (calc.) 
have been obtained from equation (2), assuming the mean value of 
K. Taking into account the possible error of 0-003° in the deter- 
mination of At,, the agreement between the observed and calcu- 
lated values of «, and the constancy of K, are satisfactory. 


The Free Energy of Formation of Naphthalene Picrate. 
Naphthalene picrate reaches its solubility limit at a depression 
(At,,) of 2°380°, corresponding to an actual temperature of 2-966°. 
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TABLE I, 
Solute—Naphthalene-trinitrotoluene (Molecular weight = 355-2). 


WwW. Aty. a (obs.). a (cale.). x. 
1-0547 0-399° 0-993 0-993 0-524 
2-4362 0-907 0-980 0-984 0-394 
2-7309 1-014 0-978 0-982 0-408 
4°2139 1-545 0-972 0-971 0-485 
5-1427 1-863 0-960 0-965 0-392 
6-1878 2-227 0-960 0-959 0-467 
6°4683 2-319 0-957 0-957 0-455 
7-2431 2-578 0-952 0-950 0-454 
7°3594 2-620 0-953 0-952 0-471 
8-5054 2-995 0-947 0-947 0-468 
8-6726 3:057 0-951 0-945 0-525 
9-4009 3-290 0-946 0-942 0-504 

10-645 3-681 0-937 0-935 0-506 
11-766 4-020 0-927 0-929 0-439 
Mean 0-464 


TABLE IT. 


Solute—Naphthalene picrate (Molecular weight = 357-2). 


w. Aty. a (obs.). a (cale.). |e 
2-0664 0-766° 0:977 0-971 0-286 
2-1831 0-806 0-970 0-969 0-231 
3-3670 1-225 0-956 0-955 0-234 
4-2689 1-532 0-942 0-945 0-217 
4-6508 1-662 0-941 0-940 0-232 
5-3871 1-908 0-929 0-932 0-215 
6-0586 2-127 0-925 0-925 0-228 
6-3179 2-210 0-916 0-923 0-208 
6-7241 2-339 0-909 0-918 0-201 

Mean 0-228 


We are thus in a position to calculate its free energy of formation 
by means of the usual van ’t Hoff isotherm :— 


A = RTInN, x N,/N, — FTInK, 


where V,, Ng, and N, represent initial concentrations of components 
and compound respectively, expressed in the same units, 7. e., mol. 
fractions, that were used in determining K, the equilibrium constant. 
We are concerned with the formation of the solid compound from 
the solid components. The initial concentrations will therefore be 
those concentrations at which the solids are in equilibrium with the 
saturated solution, t.e., their solubilities. 

At the solubility limit the picrate is still considerably dissociated, 
but the solubility, NV’, of the undissociated compound can be obtained 
direct from the freezing-point readings by plotting the logarithm 
of its mol. fraction, (1 — «)n/[(1 + «)n + (C + 1)n,], against the 
observed depression and making a small extrapolation to 2-380°. 
This leads to a value of N, = 0-00187. ‘ 

N*2 
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The limits of solubility of the components are not reached in the 
range of experiments, but their “ideal” solubilities at the same 
temperature (3° approx.) may be calculated in mol. fractions by the 
method of Hildebrand (‘‘ Solubility,” American Chemical Society 
Monograph, 1924, p. 37), a justifiable proceeding in view of the fact 
that it has been shown that they form ideal solutions. Assuming 
for picric acid a molecular latent heat of fusion of 4160 cals. (Morti- 
mer, J. Amer. Chem. Soc., 1922, 44, 1416), and a melting point of 
122°, N, becomes 0-1021. No specific heat data are available, and 
neglect of these must make the result slightly low. Using the 
complete thermal data as given by Hildebrand (op. cit.), the calcu- 
lated value of NV, is 0-1857. 

By substituting the above values for N in the van ’t Hoff isotherm, 
and taking K = 0-228 as a mean, the free energy of formation of 
naphthalene picrate at 3° is 2083 cals. per mol. This is in close 
agreement with values given by Bronsted (Z. physikal. Chem., 
1912, 78, 284) of 2050 cals. at 20-1°, from #.M.F. measurements, 
and of 2150 and 2190 cals. at 0 and 20°, respectively, from solubility 


data. 
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LV.—Constitutional Studies in the Monocarboxylic 
Acids Derived from Sugars. Part III. The Iso- 
meric Tetramethyl Galactonolactones and Trimethyl 


Arabonolactones. 


By Joun Prypz, Epmunp LANGLEY Hirst, and RoBert WILLIAM 
HUMPHREYS. 


In Part I (J., 1923, 123, 1808), two isomeric tetramethyl d-galactono- 
lactones were described—one, prepared by methylation of d-galac- 
tonolactone, had a levorotation of — 29-5° and, it was suggested, 
a 1:4-structure, whilst the other, obtained by the oxidation of 
tetramethyl] d-galactose, had a dextrorotation of + 106-7°. To this 
a 1: 5-structure was assigned. Levene and Meyer (J. Biol. Chem., 
1924, 60, 167), using the same methods, prepared two isomeric 
tetramethyl mannonolactones, both isomerides possessing in this 


IN THE MONOCARBOXYLIC ACIDS, ETC. PART III. 349 


case dextrorotations,* as would be expected according to the Hudson 
rule (J. Amer. Chem. Soc., 1910, 32, 338), if 1 : 4- and 1 : 5-structures 
are ascribed to these lactones. The present communication deals 
with further observations on these tetramethyl galactonolactones, 
and with an extension of the investigations which reveals a similar 
isomerism of trimethyl /-arabonolactone. 

Fischer (Ber., 1895, 28, 1154) has shown that the action of dry 
methyl-alcoholic hydrogen chloride on galactose produces at least 
one other form of methyl galactoside in addition to the well- 
characterised «- and 6-forms of the normal methyl hexoside. Irvine 
and Cameron (J., 1905, 87, 900) showed that this additional form 
or forms may be converted on methylation into a tetramethyl 
methylgalactoside isomeric with the normal tetramethyl «- and 
6-methyl-d-galactosides, and that on hydrolysis the abnormal form 
gave rise to a tetramethyl d-galactose with a much lower dextro- 
rotation than that obtained from the normal «- and $-forms. Later, 
Miss Cunningham (J., 1918, 113, 596) correlated this third form 
with the reactive “ y ” series of sugars. 

With the view of eliminating complications dependent on the 
formation of such reactive types, we have made use, in certain of 
our investigations, of the process of Haworth (J., 1915, 107, 8), 
in which the free sugar is methylated directly by methyl sulphate 
and caustic soda. Nevertheless, when the total product from this 
process was converted into tetramethyl galactose, the equilibrium 
rotation of the latter in water was well below that quoted by 
previous workers (compare Irvine and Cameron, J., 1904, 85, 
1071; Schlubach and Moog, Ber., 1923, 56, [B], 1957). The 
tetramethyl galactose used in the previous work (Part I, loc. cit.) 
was obtained by this direct methylation process and showed [«], 
+ 84-9°in water. It was recognised at the time that this value was 
below the standard values already quoted, but no explanation of 
the anomaly was then forthcoming, since the method used in 
preparing the methylated sugar was known to give, when applied 
to glucose, a homogeneous tetramethyl glucose showing the normal 
rotation. The question has now been further investigated, and 
the fact that direct methylation of galactose with methyl sulphate 
yields a tetramethyl galactose with a specific rotation well below 
the normal value has been substantiated : the explanation would 
appear to be that during the first stages of the methylation, while 
the reducing group is being substituted, isomeric methyl galactosides 


* Levene and Meyer (loc. cit., 168) say, “ It is peculiar that the two tetra- 
methyl lactones should rotate in opposite directions. This peculiarity 
requires elucidation.’’ This is obviously in error, the statement presumably 
referring to the acids. 
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are formed containing respectively the 1 : 5- and 1 : 4-oxide linking. 
On further methylation these give rise to a mixture of tetramethyl 
methylgalactosides containing the amylene-oxidic form in excess.* 
Thus utilising as initial material a homogeneous tetramethyl 
galactose ([«]i* -+- 117-3° in water), which had in turn been pre- 
pared from crystalline «-methyl-d-galactoside, we have obtained a 
tetramethyl galactonolactone with a much higher dextrorotation 
than that previously quoted for the 1 : 5-isomeride, namely, 160-7° 
in place of 106-7°. From the evidence now at our disposal, we 
believe that the higher value must be assigned to the pure 
1 : 5-isomeride of the lactone and that the previously described 
dextrorotatory lactone is not a homogeneous form, but is to be 
regarded as a mixture of the 1: 5and1:4forms. Similar anomalous 
rotations—in this case lower still—have been observed when tetra- 
methyl galactose and the corresponding lactone have been pre- 
pared from the mixed methylgalactosides obtained from Fischer’s 
acid methyl alcohol process. Here the proportion of 1 : 4 form in 
the mixture is greater than can be obtained by direct methylation 
with methyl sulphate. From certain preparations of these mixed 
lactones a crystalline tetramethyl galactonamide has been obtained. 
The yield of recrystallised material and the result of the action of 
alkaline hypochlorite on the amide (compare Irvine and Pryde, 
1924, 125, 1045) are such that further support is gained for the 
view that the original sugars and the lactones and amides prepared 
from them were mixtures of the 1:5- and 1:4-isomerides. The 
reaction of the pure isomeric amides is now being studied. 

A parallel series of investigations on the corresponding deriv- 
atives of J-arabinose gave results similar to those encountered in 
the case of galactose. Starting from crystalline trimethyl «-methyl- 
l-arabinoside, a dextrorotatory trimethyl arabonolactone has been 
obtained having an initial specific rotation in water (15 minutes 
after solution) of -+ 138°, falling in the course of 24 hours to 
-+ 22-4°. This must be regarded as a homogeneous form, and since 
Hirst and Robertson (following paper) have obtained evidence 
which establishes the presence of the 1 : 5 type of oxide linking in 
normal, fully methylated arabinose, it follows that the new lactone 
also possesses the 1 : 5-oxide linking. It is evident from a study 


* In a recent communication by Haworth, Ruell, and Westgarth (J., 1924, 
125, 2468), which appeared after the present paper had been sent in for 
publication, the isolation of the 1: 4-oxidie form of tetramethyl galactose 
and the corresponding lactone is described, and it is pointed out that our 
original preparation of 1: 5-tetramethyl galactonolactone contained an 
admixture of the 1:4 form. As is clear from the results now described, we 
are in complete agreement with Haworth and his collaborators both as regards 
his correction of the earlier work and his deductions therefrom.—J. P. 
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of the valency configuration in a compound of this type that the 
oxide ring, although attached at one end to a non-asymmetric, 
terminal carbon atom, must be definitely oriented either to the 
right- or to the left-hand side of the carbon chain, and the applic- 
ation of Hudson’s rule (loc. cit.) shows that in this trimethyl 
arabonolactone the ring is on the right of the carbon chain. It 
is also of interest to compare the dextrorotation of this methylated 
lactone with the levorotation of the non-methylated arabonolactone 
obtained by direct oxidation of the free sugar, a case quite parallel 
to that of the galactose derivatives. Experiments are in progress 
with the view of obtaining the pure levorotatory isomeride of the 
methylated lactone by the method previously utilised for the 
preparation of the levorotatory isomeride of tetramethyl galactono- 
lactone. 

On subjecting l-arabinose to the action of dry hydrogen chloride 
in methyl alcohol, followed by methylation of the mixed arabinosides, 
the trimethyl arabinose obtainable has an equilibrium rotation in 
water well below that found by Purdie and Rose, + 127-2° (J., 
1906, 89, 1204), and the trimethyl arabonolactone obtained from 
this sugar on oxidation likewise has a rotation much below that 
of the homogeneous 1: 5-lactone already described. Further, 
preparations of mixed arabinosides which, when hydrolysed and 
oxidised with bromine, give rise to trimethyl arabonolactones with 
anomalous low rotations, also behave in an anomalous way when 
oxidised with nitric acid. In place of dimethyl trimethoxyglutarate, 
there was obtained a mixture of this compound with what is 
apparently the lactone of a monocarboxylic acid, presumably the 
1 :4-trimethyl arabonolactone, and the yield of trimethoxy- 
glutardiamide obtained from this mixture is in agreement with 
these views as to its composition. In our opinion, these results 
point to the existence of isomeric arabinoses and arabonolactones 
with 1 : 5- and 1 : 4-oxygen bridges, and to the fact that a mixture 
of the isomeric sugars is obtained on treating arabinose with acid 
methyl alcohol. 

It is of great interest that galactose and arabinose exhibit 
this marked tendency to react in both 1:5- and 1 : 4-forms— 
the former being the normal form in both cases—under conditions 
which, so far as our own observations and those of other workers 
go, lead to the production of only one form in the cases of glucose 


H|OH H|OH 
HO|H H|OH HO|H H)|OH 
HO|H HO|H H!|OH HO|H 

H|OH HO|}H H|OH H|OH 


Galactose. Arabinose. Glucose. Xylose. 


352 PRYDE, HIRST, AND HUMPHREYS: CONSTITUTIONAL STUDIES 


and xylose. In this respect, the relationships between the formule 
of galactose and arabinose on the one hand, and between those 
of glucose and xylose on the other hand, are suggestive. 


EXPERIMENTAL. 


1:5-Tetramethyl d-Galactonolactone.—Pure, recrystallised «-methy]- 
galactoside monohydrate ([«}* + 177° for c= 0-871; Fischer, 
loc. cit., gives [«]° + 179°) was methylated in the usual way with 
methyl! sulphate and sodium hydroxide followed by two treatments 
with methyl] iodide and silver oxide. The fully methylated product 
after distillation had nif 1-4505, and on being heated for 5 hours 
at 100° in 3%, methyl-alcoholic hydrogen chloride in a sealed tube, 
it had the equilibrium rotation [«]§° + 96-5° (c = 0-728). Hydro- 
lysis by 8° aqueous hydrochloric acid produced a viscous syrup 
which, after distillation, had nj 1-4633, and [a«]i° + 117-3° 
(c = 0-996; equilibrium rotation in water). The tetramethyl 
galactose was oxidised with bromine (see Part I, loc. cit.), and the 
resulting tetramethyl galactonolactone, which distilled at 112— 
116°/0-57 mm. as a mobile syrup, had nj’ 1-4574, and showed in 
water (c = 1-086) [«]i}” + 160-67° (5 minutes after the preparation 
of the solution), [«]j* + 72-54° (after 4-5 hours), and [a]§* + 
47-58° (after 20 hours: constant) [Found : C = 51:08; H = 7-84; 
OMe = 52-7. Calc. for C,H,0,(OMe),, C = 51:28; H = 7-69; 
OMe = 53-0%]. On titration, the typical behaviour of a lactone 
was observed, 0-1162 g. requiring for complete neutralisation 
4-96 c.c. of N/10-sodium hydroxide (calc., 4-88 c.c.).. 

The Direct Methylation of Galactose by Methyl Sulphate and Sodium 
Hydroxide.—Galactose ([«]// in water + 143-1° for c= 1-22; 
[a]i* + 80-84° after 18 hours) was methylated at 30° in the cus- 
tomary manner, until no reducing action on Fehling’s solution 
could be detected. After repetition of the process, the fully 
methylated product, separated by fractional distillation in a 
vacuum, had no action on alkaline or neutral permanganate. The 
tetramethyl methylgalactoside [Found: OMe = 60-5. Calc. for 
C,H,O(OMe);, OMe = 62-0%] was hydrolysed by boiling for 
30 minutes with 8° aqueous hydrochloric acid, and the product 
isolated as a viscous syrup. On fractional distillation in a vacuum, 
this gave a considerable residue of high b. p. and a main fraction 
(b. p. 130°/0-3 mm.) of tetramethyl galactose [Found : C = 50-83; 
H= 8-55; OMe = 50-8. Cale. for CgsH,O,(OMe),, C = 50-85; 
H = 8-47; OMe = 52-1%], which showed ni" 1-4618, [a], + 83-3° 
(c = 1-799) in water, + 57° (c = 1-535) in alcohol, and + 65° 
(c = 1-401) in benzene. In duplicate experiments, products were 
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obtained with physical constants almost identical with those 
recorded above. 

Tetramethyl Galactonamide——A dry alcoholic solution of tetra- 
methyl galactonolactone ({[«] -+ 106:7°; prepared from tetra- 
methyl galactose obtained by direct methylation as described 
above) was treated with ammonia as described by Irvine and Pryde 
(loc. cit.). The product crystallised after 4—5 days, and, on 
recrystallisation from light petroleum (b. p. 60—80°) containing a 
little ethyl alcohol and ether, gave tetramethyl galactonamide, 
m. p. 121°, [a]?* + 35-7° (c = 0-937) in acetone (yield about 
25% of the crude product) [Found : C = 47-68; H = 8-27; OMe = 
47-7. Calc. for CsH,O,N(OMe),, C = 47-81; H = 8-37; OMe = 
49-4°%]. On treating the crude amide with an alkaline hypochlorite 
solution according to Weerman’s method, a small yield was obtained 
of a crystalline, nitrogenous substance, which softened at 140°, 
melted at 150°, and had [«], + 85-7° (c = 0-998) in water, falling 
to +- 27-5° after the substance had been treated with 3% hydro- 
chloric acid at room temperature for 3 days. This compound is 
evidently analogous to the cyclic urethane resulting from the action 
of alkaline hypochlorite on tetramethyl gluconamide (Irvine and 
Pryde, loc. cit.), but from the poor yields it is inferred that the 
original amide is not a homogeneous product. 

Since the parent lactone must be regarded as a mixture of the 
1: 5- and 1 : 4-isomerides, the structures of the amide and of the 
compound derived from it are not yet clear, although at present 
we incline to the view that the latter is derived from the amide 
obtained from the 1:4-lactone. The matter is being further 
investigated. ; 

Methylation of Galactose with Preliminary Galactoside Formation 
in Methyl-alcoholic Hydrogen Chloride and the Preparation of Mixed 
Tetramethyl Galactonolactones.—In the following series of experi- 
ments the galactose was dissolved in 1% methyl-alcoholic hydrogen 
chloride, and heated in sealed tubes for 20 hours at 100°. The 
mixed galactosides were then methylated with methyl sulphate 
and sodium hydroxide followed by methyl iodide and silver oxide. 
The fully methylated product distilled steadily at 104-8— 
105-0°/0-48—0-52 mm., and had nj* 1-4500 and nj” 1-4484 
[Found: OMe = 60-3; calc., 620%]. On hydrolysis, an 88% 
yield of crude tetramethyl galactose was obtained, the bulk of 
which, on fractional distillation, showed b. p. 140°/1-0—-1-2 mm., 
np 1-4620, and [«]p + 70° in water (equilibrium value) [Found : 
C = 50-50;1 H = 8-43; OMe = 51:2%]. A quantity of high- 
boiling residue remained. On oxidation with bromine, the above 
preparation of tetramethyl galactose gave a tetramethyl galactono- 
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lactone [Found: C = 51:30; H = 7-73; OMe = 52-6%], which 
could be further fractionated as follows without appreciably affecting 
the analytical figures : 

I. ni* 1-4546; [a]? +61-7°, falling in 24 hours to [a]!* -++2-38° (c = 1-066). 
II. ni® 1-4538; [a]! +48-75°, falling in 24 hours to [a]!* —0-39° (c = 1-077). 


I 


The behaviour of the lactone on titration was typical, 0-2120 g. 
requiring 8-8 c.c. of N/10-sodium hydroxide for complete neutralis- 
ation (calc., 9-06 c.c.). The following table records the initial 
specific rotations in water (a), and the refractive indices of various 
preparations of tetramethyl galactonolactones, all of which gave 
good analytical figures. It will be seen that the constants vary 
more or less in the same sense, which lends support to the view 
that the mixed forms of intermediate rotation consist of varying 
proportions of the 1 : 5- and 1 : 4-isomerides. 


Tetramethyl Galactonolactones. 


a. ns, Notes. 

+160° 1-4582 1:5-Form prepared from homogeneous tetra- 
methyl d-galactose. 

+106 1-4571 From a preparation of tetramethyl galactose 
obtained by direct methylation of galactose 
with Me,S' 4° 

+ 61 1-4546 ( From preparations of tetramethyl galactose 

cain 4 obtained by preliminary HCl/MeOH treat- 
+ 48 1-4538 
| ment of galactose. 

— 29 _ 1-4496 1:4-Form prepared by methylation of d-galact- 

onolactone. 


1 : 5-T'rimethyl 1-Arabonolactone.—The initial material was crystal- 
line trimethyl «-methyl-l-arabinoside having [«]/i* + 225-3° in 
methyl alcohol (¢c = 1-308) and [a]i§* + 246-1° in water (c = 0-723), 
which had been prepared from recrystallised «-methyl-l-arabinoside 
by methylation with methyl iodide and silver oxide. In various 
preparations of trimethyl arabonolactone considerable difficulty 
was experienced, during the acid hydrolysis necessary for the 
preparation of the free sugar, owing to the large amount of the 
methylated sugar which was decomposed with the formation of 
furfural. This difficulty was overcome by the following process 
of simultaneous hydrolysis and oxidation. A solution of the 
crystalline trimethyl methylarabinoside (7-7 g.) in 3% aqueous 
hydrobromic acid (85 c.c.), having been maintained at 85° for 1 hour, 
was treated at 75° with small quantities of bromine at intervals 
of 30 minutes, until, after 4 hours, 3-5 c.c had been added. After 
standing for 24 hours at room temperature, the solution was again 
heated at 75° and a further 5 c.c. of bromine were added (making a 
total of 3 mols.). The excess of bromine was then removed by 
aeration, the hydrobromic acid neutralised with silver oxide, the 
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filtered solution saturated with hydrogen sulphide, and the clear — 
filtrate from the precipitated silver sulphide was evaporated under 
diminished pressure to a syrup, which was dissolved in chloroform 
to remove some inorganic matter still present. The syrup finally 
obtained (6-6 g.) was heated at 100°/9 mm. for 2 hours to ensure 
complete conversion of the acid into the lactone. Distillation in 
a vacuum then gave 5-15 g. of product, b. p. 156°/12 mm., nj} 
1-4595, and a second fraction (0-2 g.), b. p. 158°/12 mm., nj} 1-4592. 
The still residue weighed only 0-3 g. The main fraction was a 
colourless syrup with a wide range of solubility in organic solvents, 
acid to litmus, and showing the characteristic behaviour of a 
lactone. It did not reduce Fehling’s solution, even on prolonged 
boiling. Analysis established its identity as trimethyl arabono- 
lactone [Found : .C = 50-23; H = 7-45; OMe = 48-7. Calc. for 
C;H;0,(OMe),, C = 50-53; H = 7:37; OMe = 48-9%]. 0-1529 G. 
of the lactone required 8-1 c.c. of N/10-sodium hydroxide for com- 
plete neutralisation (calc., 8-05 c.c.), the substance behaving as an 
easily hydrolysable lactone. In ethyl alcohol, the [«], + 136° 
(c = 1-830) remained constant. In water, the initial high [a]; + 
145° (by extrapolation) fell in 15 minutes to +4- 138°, in 1 hour to 
+ 112°, in 2:5 hours to + 55-7°, in 7 hours to + 23-6°, and in 
24 hours to -+ 22-4° (constant). On the assumption that the 
lactone is completely converted into the acid, the latter value 
corresponds to [«]j* + 20-4° for trimethyl arabonic acid. For 
comparative purposes, the latter constant was also determined as 
follows. 0-1356 G. of the lactone, dissolved in a small quantity of 
water, was treated with rather more than the necessary amount of 
sodium hydroxide to form the sodium salt of the acid, ample time 
being given for the change to take place. A slight excess of hydro- 
chloric acid was then added, the volume made up to 10 c.c. with 
water, and the specific rotation determined with the minimum 
possible delay (50 seconds from the time of adding the acid). The 
value of [«]j° found in this way was constant (+ 22-9°, c = 1-485 
as acid). It would therefore appear that in water 1 : 5-trimethyl 
arabonolactone is completely converted into the acid. Confirm- 
ation of this was obtained by titrating with alkali an aqueous 
solution of the lactone which had been kept for several hours. 
The behaviour then observed was that of an acid, the titration 
proceeding at once to a sharp and permanent end-point (0-0980 g. 
required 5:0 c.c. of N/10-sodium hydroxide. Calc., 5-0 c.c.). 
Neither the acid nor the lactone could be obtained in a crystalline 
condition. The salts of the acid are very soluble in water, the 
solubilities of the sodium, potassium, ammonium, barium, lead, 
and mercury salts being such that they are not precipitated even 
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_from moderately concentrated solutions. 1 : 5-Trimethyl arabono- 
lactone forms a crystalline amide (m. p. 95—100°) on saturating 
its solution in methyl alcohol with dry ammonia. 

Methylation of Arabinose with Preliminary Arabinoside Formation 
in Methyl-alcoholic Hydrogen Chloride and the Preparation of Mixed 
Trimethyl Arabonolactones.—A typical preparation is described. 
5-5 G. of arabinose was treated with methyl alcohol containing 
0-2% of hydrogen chloride in a sealed tube at 105° for 24 hours. 
The partly crystalline product had no action on Fehling’s solution. 
The mixture of syrup and crystals was methylated twice with methyl 
sulphate and sodium hydroxide, and the resulting mobile syrup 
was distilled, giving trimethyl methylarabinoside as the main 
fraction (2 g.), b. p. 120°/13 mm., nj 1-4448 [Found : C = 52-50; 
H = 8-80; OMe = 58-1. Calc. for C;H,O(OMe),, C = 52-42; 
H = 8-74; OMe = 60-2%]. It was neutral to litmus, behaved as 
a normal stable glucosidic compound, and had no action on neutral 
or slightly alkaline potassium permanganate solution. [a] ++ 79-6° 
(c = 3-332) in methyl alcohol. After being heated in acid methyl 
alcohol in a sealed tube for 8 hours at 90°, the substance gave as 
equilibrium value [«], + 60°, a figure much below that given by 
crystalline preparations of the «- and §-forms of normal trimethyl 
methylarabinoside (+ 150°, Hirst and Robertson, loc. cit.). In 
certain other preparations, the mixed arabinosides were methylated 
with methy] iodide and silver oxide, and also with the latter reagents 
following a preliminary treatment with methyl sulphate and sodium 
hydroxide. In all cases, abnormal rotations were recorded for the 
trimethyl methylarabinosides, and for the trimethyl arabinose and 
arabonolactones prepared from them. The following results are 
typical : 

Series I. The mixed arabinosides were methylated with methyl 
iodide and silver oxide; the fully methylated product was hydro- 
lysed with 8% aqueous hydrochloric acid, and the trimethyl 
arabinose oxidised by bromine. During the hydrolysis, very 
considerable furfural formation occurred. The trimethyl methyl- 
arabinoside (Found: OMe = 59-0; calc., 60-2%) had [«]p + 79° 
in water, whilst the trimethyl arabinose (Found: OMe = 47-9; 
calc., 484°) had as equilibrium value in water [«], + 36-2°. The 
trimethyl arabonolactone (Found : C = 50-13; H = 7:02; OMe = 
48-6%), b. p. 80—90°/0-2—0-4 mm., behaved typically on titration, 
0-1393 g. requiring 7-8 c.c. of NV’ /10-sodium hydroxide (calc., 7-33 c.c.). 
[«}]p in water + 17-45° (initial value), and — 20-95° (constant value) 
after 24 hours. 

Series II. The mixed arabinosides were methylated by methyl 
sulphate and sodium hydroxide, followed by methyl iodide and 
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silver oxide; the fully methylated product was simultaneously 
hydrolysed and oxidised by a mixture of hydrobromic acid and 
bromine as described above. The trimethyl methylarabinoside 
had [«]p + 59-8° in water, whilst the lactone obtained from it 
showed in water [«]) + 55-8° (initial value) and — 13-9° (after 
several hours). 

Oxidation of Mixed Trimethyl Methylarabinosides with Nitric 
Acid.—The material (1-3 g.), prepared by methylation of mixed 
methylarabinosides with methyl sulphate and sodium hydroxide, 
was dissolved in 45 c.c. of nitric acid (d 1-2) and the oxidation was 
carried out by Hirst and Robertson’s method (loc. cit.), the products 
being isolated as methyl esters. The colourless syrup so obtained 
(1-3 g.) gave on distillation 1-1 g., b. p. 155—160°/22—23 mm., 
ni}; 14392. The main fraction was a colourless syrup, soluble in 
water and all the usual organic solvents, which showed the pro- 
perties of a lactone or easily hydrolysable ester. It appeared not 
to be a single substance, but was shown to contain dimethyl 
trimethoxyglutarate, since it gave a 20% yield of the crystalline 
diamide (m. p. 233°) when treated with ammonia in methyl alcohol 
(compare Hirst and Robertson, loc. cit.) (0-2 g., dissolved in 2 c.c. 
of methyl alcohol saturated at 0° with ammonia, gave crystals in 
48 hours, the final yield of pure material being 0-04 g.). On analysis 
figures were obtained which support the view that the product con- 
sisted of a mixture of dimethy! trimethoxyglutarate, C,H,0,(OMe),, 
and trimethyl arabonolactone, C;H;0,(OMe),,—presumably the 
1:4-form. The results are tabulated below : 


Calc. for Cale. for 
C;H;,;0,(O0Me); C;H,;O0,(OMe), Calc. for 
(A). (B). 50%A-+50%B. 
C% 
AY 


OMe% 
C.c. of N/10-sodium 
hydroxide required 
to hydrolyse 0-1 g. 6-7 8 
[a], +25-8° (c = 1-430) in methyl alcohol; [a], +22° (c = 0-820), final 
value in water. 
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LVI.—The Constitution of the Normal Mono- 
saccharides. Part II. Arabinose. 


By Epmunp Lanetry Hirst and Grorce JAMES ROBERTSON. 


As the result of recent discoveries concerning the nature of the 
oxide-ring linking in carbohydrates, still greater emphasis must 
be laid on the necessity of obtaining for each individual sugar 
independent evidence as to internal structure. Thus, for example, 
an examination of derivatives chosen both from the normal and 
from the y-type of compounds has revealed the fact that the same 
1 : 5-oxide linking is present in tetramethyl y-fructose (Haworth 
and Linnell, J., 1923, 123, 294) and in the normal sugars trimethyl 
xylose (Hirst and Purves, ibid., 1852) and tetramethyl galactose 
(Pryde, tbid., 1808), whilst evidence pointing to a similar structure 
for normal tetramethyl mannose has also been obtained (Levene 
and Meyer, J. Biol. Chem., 1924, 60, 167). In the case of galactose, 
it is of-special interest to find that the y-derivative is of the 1 : 4- 
or butylene-oxidic structure (Haworth, Ruell, and Westgarth, 
J., 1924, 125, 2468). These investigations have now been supple- 
mented by inquiries into the structure of normal and y-derivatives 
of the pentose sugar arabinose, and the following interesting con- 
clusions have been drawn. Derivatives of the y-series of arabinose 
compounds have been found by Baker and Haworth (an account 
of whose experiments we have been privileged to receive from 
the authors prior to publication) to contain the 1 : 4- or butylene- 
oxidic linking (following paper), and, on the other hand, normal 
stable derivatives of arabinose have been shown by us to be 
definitely of the amylene-oxidic or 1 : 5-type. 

As a preliminary to work on the constitution of arabinose, a 
further study of the methylation of this sugar has been carried out, 
leading to the discovery of trimethyl §-methylarabinoside (compare 
Purdie and Rose, J., 1906, 89, 1204). This compound (m. p. 
46—48°), which was prepared by methylating the free sugar with 
methyl sulphate, has the properties of a normal stable glucoside. 
Polarimetric studies of the hydrolysis of the new compound, along 
with determinations of the equilibrium value of the specific rotation 
in acid methyl alcohol, indicate that the same type of oxide linking 
is present in this sugar and in Purdie’s trimethyl «-methylarabin- 
oside, and that these substances bear to each other the relationship 
of interconvertible «- and $-varieties of normal trimethyl methyl- 
arabinoside, The equilibrium value of the specific rotation of the 
liquid trimethyl methylarabinosides formed simultaneously with 
this new modification indicates the presence of isomerides containing 
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a different oxide-ring structure. The behaviour of arabinose is 
here parallel to that of galactose, which under similar conditions of 
methylation yields a mixture of methylated products containing 
respectively the 1:4- and the 1 : 5-oxide linkings (Pryde, Hirst 
and Humphreys, preceding paper). 

Information concerning the internal structure of the normal 
derivatives of arabinose has been gained from a study of the 
oxidation by nitric acid of the fully methylated trimethyl arabinose 
(IIf), derived from the crystalline trimethyl «-methylarabinoside 
(II). The sole oxidation product, which was isolated in almost 
quantitative yield, was trimethoxyglutaric acid (IV). Special 
precautions were taken to prevent methylation of free hydroxy- 
groups. It is thus evident that, when the normal form of fully 
methylated arabinose is oxidised under the conditions here adopted, 
it gives rise to a dibasic acid which still contains a chain of five 
carbon atoms and has been formed without loss of any of the 
methoxyl groups present in the original trimethyl arabinose. By 
arguments similar to those advanced in the previous paper on 
xylose, these observations can be interpreted only as showing that 
the structure of the normal form of fully methylated arabinose is 
of the amylene-oxide type (II). The detailed study of the methyl- 
ation process as applied to sugars which has been carried out 
during the past few years goes to show that the oxide linking of a 
normal methylaldoside remains unaltered during methylation, and 
therefore it follows that the unsubstituted «- and §-methylarabin- 
osides from which the fully methylated derivatives are prepared 
also contain this type of oxide linking. These experiments, 
although not in themselves affording direct evidence concerning 
the structure of the free sugar, may be considered in conjunction 
with arguments based on a comparison of the optical .properties 
and the general reactions of free arabinose with the corresponding 
properties of the normal and y-forms of methylarabinoside. They 
then lend strong support to the view that the same internal structure 
is present in the free aldose and in the normal forms of methyl- 
arabinoside and their methylated derivatives. We therefore 
consider that the behaviour of arabinose may best be understood 
at the present time on the basis of the amylene-oxidic ring structure 
(I) (compare Hirst and Purves, loc. cit.). 

One point—which, however, does not in any way affect the validity 
of the preceding arguments—requires to be considered in somewhat 
greater detail. The work described has been carried out with 
l-arabinose, which has been found to yield a dimethyl trimethoxy- 
glutarate with marked dextrorotatory powers. It is evident that 
this ester and the dimethyl trimethoxyglutarate obtained by 
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Haworth and Linnell from tetramethyl y-fructose (a sugar belonging 
to the d-series) should be optical enantiomorphs, but these authors 
have found (loc. cit.) that their product also is dextrorotatory, almost 
to the same degree as our own. The rotations shown by our 
materials have been confirmed on several occasions with samples of 
different origin, and in these circumstances it was felt that a further 
examination of the question of optical activity was necessary. The 
most convenient means of attack appeared to lie in the preparation 
of arabotrimethoxyglutaric acid by an entirely independent method, 
and this was accomplished by methylating the levorotatory 
arabotrihydroxyglutaric acid, CO,H-[CH-OH}],°CO,H (Kiliani, Ber., 
1888, 21, 3007; Fischer, Ber., 1891, 24, 1844). The methylated 
product was dextrorotatory, and identical in every respect with 
the ester derived from methylated arabinose (V); and further 
proof of the identity of the two compounds was afforded by the 
isolation of the same crystalline diamide (VI) (m. p. 233°, [«]p + 50°) 
from both. The increase of the specific rotation in the dextro 
sense occasioned by methylation is here of the same order (-++ 70°) 
as that found when d-tartaric acid is converted into dimethyl 
dimethoxysuccinate (CO,Me-[CH-OMe],°CO,Me), and such a change 
would appear to be general in this series of dibasic acids. Con- 
firmation of the accuracy of our former observations was thus 
obtained and further experiments are now in progress by which 
it is hoped to obtain an explanation of the interesting anomaly 
in the direction of the optical rotation of the two esters. 


(HOH ;CH-OMe ;-CH-OH ¢0,H (€0,Me CO-NH, 
| CH-OH | CH-OMe | CH-OMe CH-OMe CH-OMe (H-OMe 
CH-OH->9 CH-OMe+9 CH: OMe->H-OMe>CH- OMe+(H- OMe 
CH-OH | CH-OMe | | GH: OMe (H-OMe (H-OMe CH-OMe 


H, LOH, LCH, CO,H  CO,Me CO-NH, 
(.) (IL. ) (III.) (IV.) (V.) (VI.) 


EXPERIMENTAL. 


Methylation of ‘Arabinose-—Trimethyl «-methylarabinoside,* pre- 
pared according to Purdie and Rose (loc. cit.) and recrystallised 
several times, had m. p. 44—46°; [a]p + 250° in water (c = 1-200), 
[«]p -+ 223° in methyl alcohol (c = 1-320) (compare Purdie and 
Rose); nj) 1-4432, n§ 1-4450, the readings being for superfused 
material. 

Trimethyl -methylarabinoside was obtained by methylating 


* We are indebted to Mr. R. W. Humphreys, of the University College of 
South Wales, Cardiff, for a specimen of very pure trimethyl a-methy]l- 
arabinoside. 
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arabinose (10 g.) with methyl sulphate (50 c.c.) and sodium hydroxide 
(40 g. in 85 c.c. of water) in the usual manner (Haworth, J., 1915, 
107, 8). When the operation was conducted slowly, the form- 
ation of coloured by-products was entirely avoided and after one 
methylation a mobile, colourless syrup (9 g.) was obtained; this, 
subjected once again to the same treatment, gave 8-5 g. of a syrup, 
which was purified by distillation. The main fraction (5-5 g., b. p. 
123°/24 mm., nj; 1-4473) crystallised slowly in long, white needles, 
which were drained on porous tile. The new product was soluble 
in all the ordinary organic solvents, including light petroleum, and 
a suitable medium for recrystallisation could not be found. Puri- 
fication was effected by the somewhat wasteful method of repeatedly 
rubbing the crystals with light petroleum and draining rapidly on 
porous tile, until constancy was attained in the m. .p., 46—48°, 
and rotations : [a] + 24° in methyl alcohol (c = 1-100), [a] + 46-2° 
in water (c = 0-865). The crystals showed all the properties of a 
typical glucoside and were stable in the presence of neutral or 
slightly alkaline potassium permanganate solution (Found: C = 
523; H=88; OMe = 59-8. Required, C = 52-4; H = 8-74; 
OMe = 60-2%). 

Interconversion of the «- and ®-Forms of Trimethyl Methylarabin- 
oside.—The initial specific rotation of the «-compound in methyl 
alcohol was + 223° (c = 1-563), whilst the final value, obtained 
after heating the solution in a sealed tube with the addition of a 
trace of dry hydrogen chloride, was + 150°. The §-variety, on 
the other hand, showed initially in acid methyl alcohol [«], + 24° 
(c = 1-100), increasing to a final, steady value, + 148°. Further 
evidence concerning the relationship between these two substances 
was obtained from a study of the hydrolysis of the 6-form with 
hydrochloric acid. In 8° aqueous acid, the initial value [«])+ 
47-6° (c = 1-572) was observed. On heating the solution at 90°, 
the specific rotation increased regularly to a maximum constant 
value, + 146° (c = 1-469), which is in good agreement with the 
figure, + 153°, quoted by Purdie and Rose as the end value in the 
hydrolysis of pure trimethyl «-methylarabinoside. The value 
quoted is somewhat higher than those found by these authors 
during a study of the hydrolysis of mixtures containing both the 
«- and the $-form, and higher also than the figure found for tri- 
methyl arabinose itself (+ 127°), but this discrepancy may be 
connected with the failure of the syrupy trimethyl arabinose from 
which Purdie and Rose prepared the mixtures of the a- and 8-forms 
of the fully methylated methylarabinoside, to give satisfactory 
analytical results (loc. cit.). 

It is apparent, therefore, that these two crystalline substances 
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are interconvertible «- and 8-varieties of the same trimethyl 
methylarabinoside. On the other hand, the initial specific rotation, 
[«]p + 57-4° (¢ = 3-708), of the analytically pure mixture of crystals 
and syrup forming the whole of the fully methylated arabinose 
(material described above as the main fraction) increased in acid 
methyl alcohol to an equilibrium value, + 129°, and on hydrolysis 
the final value was observed to be + 110°. These figures are 
considerably lower than those given by the pure crystalline «- and 
$-forms, and may be taken as indicating that during the methyl- 
ation process a quantity of material had been formed differing in 
internal structure from the normal trimethyl methylarabinoside. 
Similar observations were made during a study of the methylation 
of galactose (Pryde, Hirst, and Humphreys, loc. cit.). 

Simultaneous Hydrolysis and Oxidation of Trimethyl «-Methyl- 
arabinoside. Isolation of Methyl Trimethoxyglutarate (V).—In a 
typical oxidation experiment, a solution of trimethyl «-methy]l- 
arabinoside (1-90 g.) in nitric acid (d 1-2) (45 c.c.) was heated at 
90° for 6 hours, until the oxidation was complete. The excess of 
nitric acid having been removed (for details, see Hirst and Purves, 
J., 1923, 123, 1357), the oxidation product was boiled with 3% 
methyl-alcoholic hydrogen chloride, the acid neutralised with 
silver carbonate in the cold, a quantity of anhydrous sodium 
sulphate added to take up any water, and the solvent distilled from 
the filtered solution under diminished pressure. The residual 
syrup was freed from a small quantity of silver nitrate by dis- 
solution in chloroform, and, finally, a colourless, mobile liquid 
(2-1 g.) was isolated which gave on distillation 1-90 g., b. p. 143°/ 
18 mm., nj 1-4355 (yield 83% of the calculated quantity). A 
further 0-10 g., b. p. 145—150°/16 mm., nj’ 1-4385, was obtained 
as a second fraction, and the still residue remained uncoloured and 
weighed less than 0:10 g. The main fraction was methyl arabo- 
trimethoxyglutarate, a colourless, refractive, moderately mobile, 
uncrystallisable syrup, soluble in water and in all the usual organic 
solvents (Found: C= 48-0; H = 17:33; OMe = 60-2; CO,Me, 
by quantitative hydrolysis with N/10-NaOH, = 48-1. C,,H,,0, 
requires C = 48-0; H = 7-24; OMe = 62:0; CO,Me = 47-2%). 
In methyl alcohol, the ester showed [a], + 47°3° (c = 1-842) and 
in water [a] + 45° (c = 1-462). 

Trimethoxyglutardiamide (VI).—From a mixture of the ester 
(0-5 g.) with 6 c.c. of methyl alcohol (saturated with dry ammonia 
at 0°) at room temperature, short, prismatic crystals began to 
separate after 15 hours; 0-10 g. was collected after 18 hours, and 
a total of 0-26 g. after 4 days (yield 59%. In other experiments, 
the yield varied between 50 and 60%). The solution became light 
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brown, but there was no sign of the very characteristic series of 
colour changes which accompanied the formation of the correspond- 
ing amide from methyl xylotrimethoxyglutarate (Hirst and Purves, 
loc. cit.). The compound obtained behaved as an acid amide and 
liberated ammonia when heated above its melting point, giving a 
volatile, crystalline substance which was probably the imide. No 
change of colour was observed when the amide was heated in air 
(compare xylotrimethoxyglutardiamide). It was very slightly 
soluble in cold ether and in cold methyl alcohol, and could con- 
veniently be recrystallised from the latter; it showed a considerably 
greater solubility in cold water: m. p. 232—233°, [«], + 50-0° in 
water (c = 0-701) (Found: C = 43-7; H = 7-34; OMe = 41-1; 
N = 13-08. C,H,,0;N, requires C = 43-6; H = 7-27; N = 12-73; 
OMe = 42:3%). A parallel to the higher specific rotation of the 
amide as compared with that of the ester is to be found in the 
dimethyl ester and the diamide of dimethoxysuccinic acid (Purdie 
and Irvine, J., 1901, 79, 960). 

Methylation of Arabotrihydroxyglutaric Acid.—The acid was 
prepared by Kiliani’s method (Ber., 1888, 21, 3007), except that 
after the oxidation with nitric acid and treatment with excess of 
calcium carbonate the calcium trihydroxyglutarate was precipitated 
from the cold filtrate by the addition of a small quantity of alcohol. 
The yellow, amorphous mass thus obtained was washed with a 
little water and dried on porous tile at 40°. The salt contained 
1H,O, whereas Kiliani’s product contained 3H,0. The substance 
showed the solubilities and properties of calcium trihydroxy- 
glutarate described by previous workers (Found: H,O = 7-57; 
Ca = 18-35 for the anhydrous substance. Calc. for CaC;H,O,,H,O, 
H,O = 7-63, and for CaC;H,O,, Ca = 18-35%). Its identity was 
confirmed by determining the specific rotation of the free acid 
corresponding to the calcium salt, which was accomplished by 
measuring the rotation of the salt when dissolved in a slight excess 
of hydrochloric acid: [«]) = — 21-2° in water for c = 1-065 (as 
acid). The value quoted by Fischer (Ber., 1891, 24, 1844) is 
— 22-7°. 

The free acid (7 g.), prepared by treating the calcium salt with 
the calculated quantity of oxalic acid and evaporating the filtered 
solution in a vacuum, was methylated in methyl alcohol in the 
usual manner with methyl iodide and silver oxide, external cooling 
being necessary at first. The product was isolated, dissolved in 
methyl iodide, and subjected to two further treatments with methyl 
iodide and silver oxide to complete the methylation. On distilling 
the product (4°5 g.) from the third methylation, fractions were 
obtained: I, 1-95 g., b. p. 1385°/15 mm., nj’ 1-4353, ni” 1-4400; 
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II, 0-7 g., b. p. 140°/15 mm., ni 1-4373. The former contained 
methyl oxalate (proved by the formation of oxamide on treatment 
with methyl-alcoholic ammonia), and a portion of this was redis- 
tilled, when 1-2 g. gave 0-7 g., b. p. 135°/12 mm., ni} 11-4370. This 
product was added to that forming the second portion of the first 
distillation and the material was identical with the ester previously 
identified as methyl trimethoxyglutarate, [a], + 45-5° in methyl 
alcohol (c = 1-230) (Found: C = 47-7; H = 7:28; OMe = 59-4; 
CO,Me = 47-8%). Additional proof of identity was given by the 
isolation in good yield (0-6 g. gave 0-3 g.) of arabotrimethoxy- 
glutardiamide: m. p. 232°, alone or mixed with an authentic 
specimen, [«], + 49-7° (c = 1-150 in water); OMe = 41:3%. No 
trace of dimethoxysuccinamide could be detected, evidence being 
thus provided that the calcium salt used as starting material in 
this series of experiments was not contaminated with calcium 
tartrate. 

Control Experiments.—The arguments by which the structure of 
trimethyl arabinose was deduced would be invalid in the event of 
there being any possibility for methylation of free hydroxy-groups 
to take place at some stage during the course of the experiments. 
In order to prove that no such methylation takes place under the 
conditions described above, experiments were carried out on the 
preparation of dimethyl tartrate under conditions chosen to conform 
as exactly as possible to those under which the oxidation product 
obtained from methylated arabinose was esterified. The ester 
(isolated in good yield) was the normal dimethyl] tartrate (Found : 
OMe = 32-8%). Treatment of dimethyl tartrate with excess of 
boiling methyl alcohol containing 8% of nitric acid followed by 
neutralisation of the acid in boiling solution with freshly-prepared 
silver oxide gave unchanged dimethyl tartrate (Found: OMe = 
34:7). There is therefore no possibility for alkylation to take 
place under the very much milder conditions of the experiments 
described earlier in this paper. 


We desire to express our gratitude to the Trustees of the Carnegie 
Trust for a grant, and for a scholarship which has enabled one of us 
(G. J. R.) to take part in this work. 


Tue Universiry, St. ANDREWS. 
THE UNIVERSITY, MANCHESTER. [Receitved, December 15th, 1924.] 


SYNTHESIS OF DERIVATIVES OF y-ARABINOSE. 


LVII.—Synthesis of Derivatives of y-Arabinose. 


By Srantey Baker and Water Norman Hawortu. 


THE derivatives of l-arabinose which have hitherto been prepared 
are dextrorotatory, as indeed is the pentose itself. The authors 
have now isolated a series of levorotatory compounds, which, 
although configurationally identical with those already known 
(Fischer, Ber., 1895, 28, 1156; Purdie and Rose, J., 1906, 89, 
1204), belong to the new group of y-sugars and have a different 
oxide-ring structure. 

The synthesis of these derivatives of y-arabinose has been 
achieved by the initial condensation of J-arabinose with methy]l- 
alcoholic hydrogen chloride at 18°, instead of conducting the reaction 
at 100° as prescribed by the previous authors. The new compound, 
y-methylarabinoside (1), is characterised by its existence as a liquid 
having [«]), — 71-3° in methyl alcohol, by its remarkable instability 
in presence of permanganate, and by the great ease with which 
it undergoes hydrolysis with acids of extreme dilution. Fischer’s 
compound differs markedly in each of these respects and is strongly 
dextrorotatory. On methylation this distinction is maintained, 
for the new y-methylarabinoside is converted into a mixture of 
the a- and 8-forms of trimethyl y-methylarabinoside (II), which 
again is levorotatory (— 55-8°, in water). The §-form appears 
to be capable of selective hydrolysis with 0-036°% hydrochloric 
acid, leaving the «-modification largely unchanged, but both are 
readily hydrolysed with 0-25% acid to trimethyl y-arabinose (III), 
a liquid, [«]) — 39-5° in water, exhibiting in a marked degree 
instability towards neutral permanganate. In all these respects, 
this methylated sugar contrasts strongly with the normal trimethyl 
arabinose investigated by Purdie and Rose (Joc. cit.), and again by 
Hirst and Robertson (preceding paper), who have shown that the 
normal form is capable of hydrolysis only with 5% hydrochloric 
acid and has a rotation of + 127-2°. 

A determination of the structure of this trimethyl y-arabinose 
discloses the reason for these differences in properties. Oxidation 
with nitric acid gives rise to a lactone of a trimethoxyhydroxy- 
valeric acid (IV), and also to a dimethoxyhydroxyglutaric acid (V). 
‘The latter product represents a further stage of oxidation than 
the former, inasmuch as the terminal group of the monobasic 
acid has undergone conversion into an acid group, giving a dibasic 
acid as the product, this secondary reaction being accompanied, 
jhowever, by the elimination of one methoxyl residue. 

That the secondary product of the oxidation is the acid (V) is 
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proved by its conversion into the completely methylated ester, 
dimethyl trimethoxyglutarate (VII), which forms a crystalline acid 
amide with ammonia. The structure allocated to both these 
oxidation products is supported by the following considerations. The 
trimethoxyvalerolactone (IV) is levorotatory, more so, apparently, 
than the acid to which it gives rise on keeping in aqueous solution. 
Adopting Hudson’s rule, the oxide ring must be situated on the left 
of the carbon chain and therefore it can only be a 1: 3- ora 1: 4- 
oxide. The possibility of the existence of the 1 : 5-oxide structure 
is eliminated, since the terminal group 5 remains intact as a methy]- 
ated carbinol group, which, in the case of the secondary oxidation 
product, is seen to undergo further oxidation by loss of methoxy] 
to the corresponding dimethoxyhydroxyglutaric acid (V). 


-——_CH-OMe - CH-OMe --———CH-OH = vo 
| HGOH | —. b HC-OMe | H-OMe 
? HO-CH —> 9 MeOH —> 9 MeOCH —> ? MeO-H 
manny’ - CH - 1H 
CH,-OH CH,-OMe CH,-OMe H,-OMe 
(1.) (II.) (ITT.) (IV.) 
CO,H CO,Me GO,Me 
H-OMe CH-OMe (H-OMe 
—> (H-‘OMe —> (CH-OMe —> CH-OMe 
_ CH-OH CH-OH ‘H-OMe 
60,H 6O,Me 0,Me 
(V.) (VI.) (VII.) 


The choice between a 1 : 3- or propylene-oxide ring and that of 
a 1:4- or butylene-oxide structure for the trimethyl y-arabinose is 
determined by the consideration that the existence of a propylene- 
oxide sugar has not hitherto been substantiated, whilst the 1 :4-oxides 
are commonly known. A _ propylene-oxide structure has been 
ascribed to trimethyl and tetramethyl y-glucose by Irvine and 
Patterson (J., 1923, 123, 898; compare Irvine, J., 1922, 121, 
2146). A reference to the tetramethyl gluconolactone derived from 
the latter sugar on oxidation shows, however, that this lactone is 
dextrorotatory to a greater degree than the acid into which it is 
partly converted in water. The oxide ring of the latter should 
therefore be on the right of the carbon chain, and on this reasoning 
tetramethyl y-glucose must be either a 1: 4- or a 1: 5-oxide. A 
1 : 3- or propylene-oxide ring would, in the configuration of d-glucose, 
be situated on the left, and its lactone would thus be levorotatory. 
If it be assumed that normal glucose is butylene-oxidic, then the 
most probable formula for tetramethyl y-glucose is one having an 
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amylene-oxide structure (VIII) on the analogy of y-fructose, and it 
follows that glucose diacetone, which is a y-derivative, should be 
given the formula (IX). 


[ 
H-OH— CHO oy 
H¢-OMe | CH-O~ “2 
(VIII.) MeO-CH O CH:O M (IX.) 
HC-OMe | S07 my 
Hc | CH 
CH,-OMe CH,-OH 


The accompanying paper by Hirst and Robertson furnishes an 
interesting corollary to the present investigation. These authors 
have demonstrated that the normal forms of /-arabinose and its 
derivatives are 1 : 5- or amylene-oxides, a conclusion which applies 
also to normal xylose. It thus appears that in the pentose series 
the y-sugars belong to the butylene-oxide type on the analogy of 
galactose (Haworth, Ruell, and Westgarth, J., 1924, 125. 2468). 


ExPERIMENTAL. 


y-Methylarabinoside.—Finely sieved, dried /-arabinose (10 g.) 
was shaken for 17 hours at room temperature in 200 c.c. of dried 
methyl alcohol (acetone-free), containing 2 g. of hydrogen chloride. 
Solution of the solid occurred after 6 hours, when the original 
specific rotation of arabinose (+ 107°) had diminished to — 1-0°; 
after 17 and 21 hours, a minimum value, [«], — 42-0°, was attained. 
After neutralisation with silver carbonate, followed by removal of 
solvent, the viscid product was repeatedly extracted with ethyl 
acetate so long as the extracts showed a pronounced levorotation. 
The combined extracts yielded a clear syrup (8 g.), which gave 
only a faint reaction with Fehling’s solution before distillation : 
b. p. 173—175°/0-15 mm., np) = 1-4880 (Found: C = 436; H = 
74; OMe = 17-4. C,H,,0; requires C = 43-9; H = 7:3;. OMe = 
18-9%). The maximum lzvorotation recorded for the specimens 
was [a]p — 71-3° (c =0-8) in methyl alcohol, changing after 6 
months to — 51-9°, whilst the value in water was — 46-8°. The 
y-methylarabinoside instantaneously decolorised neutral per- 
manganate. 

Trimethyl y-Methylarabinoside.—The vundistilled y-methyl- 
arabinoside (20 g.), showing [a], — 51-5° and prepared from 25 g. 
of l-arabinose, was methylated with methyl sulphate and sodium 
hydroxide followed by Purdie’s reagents. The product, 17-5 g., 
was a colourless liquid, b. p. 85—87°/0-3 mm., mp = 1-4355, [a]p 
— 55°8° in water (c=1-04) (Found: C=523; H=849; 
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OMe = 58-0. C,H,,0, requires C= 524; H=87; OMe= 
60-2%). ‘The compound decolorised neutral permanganate rapidly. 

Trimethyl y-Arabinose.—The $-form of the above y-arabinoside 
was hydrolysed by digestion at 100° with N /100-hydrochloric acid ; 
and during 3 hours the value of [«]) changed from — 38-6° to 
— 58° and then remained constant. At this stage, the solution 
actively reduced Fehling’s solution. The «-form required a higher 
concentration of acid to promote its hydrolysis, and by increasing 
the acid content to N/10 the specific rotation changed from — 58° 
to a constant value of — 32-2° during 34 to 4 hours. 

The mixture of «- and $-isomerides of trimethyl y-methylarabin- 
oside was completely hydrolysed by N /15-hydrochloric acid at 100° 
after 34 to 4 hours, the rotation values recorded being : 


Time in minutes ... 45 60 150 240 
—51-8° —31-6° —31-6° 


The initial depression in the levorotatory direction is followed 
by a rise to rotation values corresponding with those of the pre- 
ceding experiments, and the form of the curve connecting these 
data is of the usual type. 

The product of hydrolysis, trimethyl y-arabinose, was isolated 
in the usual way, and distilled as a colourless liquid, b. p. 97—99°/ 


0-18 mm., %» = 1-4503 (Found: C = 49-9; H = 8-4; OMe = 49:3. 
C,H,,0,; requires C = 50:0; H = 8-3; OMe = 484%). The sugar 
showed, in water, [«]) = — 39-5°, and reduced Fehling’s solution 
and neutral permanganate instantaneously. 

Oxidation.—A solution of trimethyl y-arabinose (5 g.) in 100 c.c. 
of dilute nitric acid (d 1-20) was heated at 90° until oxidation com- 
menced, and then maintained at 75° for 10 hours, or until the 
evolution of nitrous fumes had ceased. The solution was diluted 
with water, and the whole of the nitric acid distilled under dimin- 
ished pressure at 40°, water being frequently added during this 
operation. The residual syrup was dried by distilling from it 
methyl alcohol several times, and was finally esterified by methy]- 
alcoholic hydrogen chloride (30%). Thereafter the solution was 
neutralised by barium carbonate, the use of silver carbonate being 
avoided for the reason that any free hydroxyl group might undergo 
methylation in the presence of methyl chloride (compare the 
methylation of malic acid, which occurs during ester formation by 
the action of methyl iodide on silver malate). 

The esterified product was a syrupy liquid (4-2 g.) which distilled 
completely at 105—118°/0-02 mm., and showed refractive indices 
varying from 1-4388 to 1-4437. These data, along with the 
analytical figures, pointed to the non-homogeneity of the product, 
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and this conclusion was confirmed by subsequent experiments 
designed to separate the individual constituents. 

The esterified oxidation product was hydrolysed by heating at 
90° with 2-0°% hydrochloric acid for 2 hours. The mineral acid was 
neutralised, using Congo-red as indicator, the solution evaporated 
under diminished pressure, and the residue extracted from mineral 
matter and distilled: b. p. 90°/003 mm., np = 1-4430. This 
distillate represented 75°% of the oxidation product (leaving an 
undistilled residue which was subsequently examined), and immedi- 
ately set to a hard mass of crystals; m. p. 29° (after draining on 
tile); [«]» = — 43-2° in water (changing to — 33-8° after 2 days, 
and to — 23-9° after 20 days) (Found: C=505; H=7-4; 
OMe = 46-0. Cale. for C,H,,0;, C=505; H=7-4; OMe = 
48-9%). On titration, the compound behaved as a trimethoxy- 
valerolactone; 0-0906 required, on heating, 4:87 c.c. of N/10- 
sodium hydroxide. Calc. for C,H,,0;, 4:8 c.c. 

The undistilled residue (25% of the total product) was a mixture 
of dimethoxyhydroxyglutaric acid and its lactone (Found: C = 
42:37; H=45-7. Cale. for C);H,,0,, C= 404; H=5-8. Calc. 
for C,H,)0,, C = 44:2; H=5-3%). After esterification with 
methyl alcohol, the product contained OMe = 53-6%, and after 
methylation with methyl iodide and silver oxide it gave the follow- 
ing analytical results: C = 47-9; H = 7-1; OMe = 60-0. Cale. for 
C,H, ,0,, C = 48-0; H=72; OMe = 62:0%. This specimen of 
dimethyl trimethoxyglutarate was dissolved in methyl] alcohol which 
had been saturated with ammonia at 0°, and the corresponding 
amide, m. p. 223°, was isolated. The amide, the amount of which 
was small, was not recrystallised. In admixture with a specimen of 
the diamide of trimethoxyglutaric acid provided by Hirst and 
Robertson (loc. cit.) it melted at 225—227°. 


The authors are indebted to the Department of Scientific and 
Industrial Research and to the Research Endowment Fund of 
Armstrong College for grants in aid of this work. 
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LVIII.—Phenyl Benzyl Diketone and some Derivatives. 


By THomas Makin and Rosert RosInson. 


Tuat the methylene group in «-alkyloxy-ketones of the type of 
»-methoxyacetophenone is characterised by considerable reactivity 


is clear from the use which has been made of these substances in 
VOL. CXXVII. rs) 


370 MALKIN AND ROBINSON : 


the synthesis of the anthocyanidins, and the work now to be 
described was instituted with the object of taking further advantage 
of this property. An experiment (p. 377) in which w-methoxy- 
acetophenone and phenyl propyl ketone were put in competition 
for salicylaldehyde in boiling methyl-alcoholic potassium hydroxide 
solution showed that the former ketone exhibited the greater 
reactivity. The effect of the oxygen of the methoxyl group is 
doubtless to produce a general drift of electrons in the molecule 
towards it and this facilitates the acquirement of a negative charge 
by the carbon atom of the methylene group in the activated phase 
which determines the occurrence of the reaction. In the accom- 
panying scheme the curved arrows show the covalency changes 


( OH 
1 MX 
—C—=CH—OMe 


> 


during activation of the enolic form of the ketone, and the straight 
arrow represents the general drift due to the oxygen of the methoxy- 
group. Here the effects are in the same direction and result in 
enhanced reactivity, whilst in phenyl propyl ketone the hydrogen 
atoms produce an electron drift in the opposite sense, and the 
reactivity due to the particular conjugation represented is diminished. 
Very numerous applications of this conception of the interaction 
of the electronic changes due to conjugation and the general polar 
or electrostatic induction effect can be made and one example in 
connexion with orientation is the explanation afforded of the 
frequent occurrence of substitution in the position situated between 
an o-p-directive group and a m-directive group, themselves in the 
m-position to one another. A case in point is the application of 
the Skraup reaction to m-nitroaniline. The two possible activations 
by conjugation are shown in (A) and (B), and the latter is assisted 
by the general electron drift due to the nitroxyl. The chief product 


NO, 
LN) 

B®) (J? we 
~\ Tet : 


of the reaction is, in fact, 5-nitroquinoline. When the nitro-group 
is replaced by methyl, the direction of the general drift will be 


* The curved arrows in (A) and (B) imply that free electrons of the N atom 
become covalency electrons of N and Ca in the nucleus and that Ca, in order 
to preserve its total covalency unaltered, abandons correspondingly C, — C3 
covalency electrons to the sole use of Cg. 
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reversed (C) and accordingly m-toluidine is converted in the Skraup 
reaction into 7-methylquinoline. 

We have investigated some of the transformations of the 
arylidene-w-methoxyacetophenones. 

Phenyl §-methoxystyryl ketone, PhCO-C(OMe):CHPh, forms a 
colourless, crystalline dibromide the stability of which, although 
not of a high order, was unexpected. The failure of the group 
Ph-CO-C(OMe)Br to lose methyl bromide spontaneously is no 
doubt related to the unusual stability of the hydrate Ph-CO-CH(OH),. 
By reduction with hydrogen in presence of palladium, the un- 
saturated ketone is changed to a tetrahydro-derivative, 

Ph-CH(OH)-CH(OMe)-CH,Ph. 

When subjected to somewhat vigorous hydrolysis by acids, the 
arylidene-w-methoxyacetophenones yield «-diketones isomeric with 
the diaroylmethanes. Thus phenyl (@-methoxystyryl ketone is 
changed by means of a hot solution of sulphuric acid in acetic 
acid into phenyl benzyl diketone, Ph-CO-CO-CH,Ph, a substance 
which can be readily prepared in this manner. Whilst our work 
was proceeding, Dufraisse and Moureu placed on record a descrip- 
tion of the compound, which was obtained by a different process 
(Compt. rend., 1924, 178, 6, 573). The diketone is almost certainly 
a tautomeric substance; it is yellow, oxidisable, soluble in aqueous 
sodium hydroxide, and gives a ferric chloride reaction. The facile 
condensation with o-phenylenediamine leads to phenylbenzy!.- 
quinoxaline. 

The most characteristic property of this diketone is, however, 
the remarkable ease with which it undergoes the benzil—benzilic 
acid type of transformation. It is rapidly converted by hot dilute 
aqueous sodium hydroxide into sodium «-benzylmandelate. This 
rearrangement could be represented as due to the migration of 
either the phenyl or the benzyl group, but, as it occurs more 
smoothly than in the case of benzil itself, the latter assumption 
seems the more natural : 


— + H,O — Ph:C(OH)(CO,H)-CH,Ph. 
| 


This interpretation is in harmony with the conclusions which 
Tiffeneau and Orékhov (compare Annual Reports, 1923, 115) have 
drawn from their experiments on intramolecular rearrangements 
of the pinacol-pinacolin type and also with the results of Claisen 
(Z. angew. Chem., 1923, 36, 478) on the alkylation of the phenols. 
In these and other cases, the high aptitude for migration possessed 
by the benzyl group has been emphasised. Corresponding un- 
saturated ketones, «-diketones, and their transformation products 


have been obtained in three other series. 
02 
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EXPERIMENTAL. 


Methoxyacetonitrile——This intermediate in the preparation of 
some w-methoxyacetophenones (Slater and Stephen, J., 1920, 117, 
314; Pratt and Robinson, J., 1923, 123, 748) is best obtained by 
the following modification of Polstorff and Meyer’s method (Ber., 
1912, 45, 1911). Aqueous formaldehyde solution (reputed 40%, 
35 c.c.) is gradually added with cooling in ice-water to sodium 
cyanide (19 g.), dissolved in water (38 c.c.). Powdered sodium 
cyanide (19 g.) is then introduced and when solution is complete 
a further quantity of aqueous formaldehyde (35 c.c.) is added with 
careful cooling. The mixture is kept at a low temperature for 
4 hour and the thick, oily liquid or soft paste is then treated with 
methyl sulphate (80 ¢.c.), which is added in portions of 10 to 15 c.c. 
The mixture is thoroughly shaken, and not cooled until the tem- 
perature rises to 35°. After cooling for a few minutes in ice-water, 
the mixture is again allowed to warm to 35°; then it is cooled, and 
the next portion of methyl sulphate is added only when there is 
no further heat of reaction. The product is taken up in ether, 
and the separated extract dried with sodium sulphate and dis- 
tilled. After separation from methyl sulphate by a preliminary 
fractionation under slightly reduced pressure, 39 g. (yield 70%), 
b. p. 119—120°, distilled at the ordinary pressure. 

Phenyl $-Methoxystyryl Ketone, PhCO-C(OMe):CHPh.—Aqueous 
sodium hydroxide (20%) (5 ¢.c.) was added to a solution of w-meth- 
oxyacetophenone (5 g.) and benzaldehyde (3-5 g.) in ethyl alcohol 
(30 c.c.). After 12 hours, the greater part of the alcohol was 
distilled from the steam-bath, and the residue diluted with water 
and extracted with ether. The ethereal solution was dried over 
sodium sulphate and distilled under diminished pressure; 2-4 g. 
of a mixture of benzaldehyde and w-methoxyacetophenone were 
recovered and 4:8 g. of a pale yellow oil, b. p. 202—204°/13 mm., 
which solidified on cooling, were obtained. The substance is 
readily soluble in most organic solvents, but may be crystallised 
by cooling a saturated solution in ethyl alcohol or light petroleum 
to 0°. The rectangular plates, m. p. 35°, are almost colourless 
(Found : C = 80-9; H = 5-8. C,,H,,0, requires C = 80-7; H= 
59%). The citron-yellow solution in sulphuric acid becomes 
yellowish-green and finally deep violet on heating. 

Phenyl «8-Dibromo-a«-methoxy--phenylethyl Ketone, 

PhCO-CBr(OMe)-CHBrPh. 
—Pheny] $-methoxystyry!1 ketone (6 g.), dissolved in ether (10 c.c.), 
was gradually treated at 0° with bromine (4 g.). The dibromide 
(4-7 g.) crystallised in a few minutes, and a further quantity 
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(4—5 g.) of somewhat less pure product was obtained on evapor- 
ation of the solution. The substance crystallises from benzene in 
colourless needles, m. p. 103° (Found: C=485; H=36. 
C,,H,,0,Br, requires C = 48-2; H = 3-5%). In the course of a 
few days red specks appear in the crystals, but attempts to obtain 
definite products of decomposition have not yet been successful. 
This is probably due to the circumstance that the substance tends 
to lose the elements of methyl bromide as well as of hydrogen 
bromide. 

It was shown by titration that, when boiled with water, the 
dibromide yields a molecular proportion of hydrogen bromide, but 
the resulting yellow oil could not be satisfactorily purified. A 
Zeisel determination (Found: MeO = 5-5. C,;H,,OBr-OMe re- 
quires MeO = 9-8%) showed that hydrolysis at the methoxyl 
group must occur to some extent. Boiling aqueous sodium hydr- 
oxide attacks the dibromide with formation of sodium bromide 
(2 mols.). The final ethereal mother-liquor from the preparation 
deposited yellow crystals, m. p. 59°, but the quantity obtained was 
insufficient for further investigation. 

Phenyl Benzyl Diketone—A solution of phenyl $-methoxystyryl 
ketone (2 g.) in acetic acid (9 c.c.) and concentrated sulphuric acid 
(1 c.c.) was heated over a free flame until the yellow solution became 
deep brownish-red. Prolonged heating is disadvantageous and the 
time necessary to bring the liquid to the boiling point usually 
suffices. After dilution with water and extraction with ether, the 
ethereal layer was washed with water and then with successive 
small portions of 10% aqueous sodium hydroxide. These deep 
orange, alkaline washings were expeditiously acidified with hydro- 
chloric acid in presence of ice, and the diketone was again taken up 
in ether. The extract was dried over sodium sulphate, the greater 
part of the solvent removed by distillation, and the remainder by 
evaporation in a vacuum, leaving 1-7 g. of a yellow, crystalline 
solid. The substance crystallises from methyl alcohol or ether in 
pale yellow prisms, m. p. 65° (Dufraisse and Moureu, loc. cit., 67— 
68°) (Found: C = 806; H= 5-7. Calc., C = 80-4; H = 5-4%). 
This diketone is readily soluble in most organic solvents; the 
crystals rapidly become oily on exposure. In alcoholic solution, 
a purplish-brown coloration is developed on the addition of ferric 
chloride. 

2-Phenyl-3-benzylquinoxaline—A solution of phenyl benzyl 
diketone (1-2 g.) and o-phenylenediamine (0-6 g.) in ethyl alcohol 
(3 c.c.) was gently heated on the steam-bath for 20 minutes. The 
compact, yellow crystals (0-7 g.) that separated on cooling crystal- 
lised from ethyl alcohol in almost colourless, lustrous needles, 
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m. p. 97° (Found: C= 83-1; H=5-7; N=9-6. C,,H,,N, 
requires C = 83-1; H=54; N=9-5%). The orange solution 
in concentrated sulphuric acid becomes colourless on dilution with 
water. 

Phenyl 8 :4-Dimethoxystyryl Ketone, PheCO-C(OMe):CH:C,H,°OMe. 
—Aqueous sodium hydroxide (5 c.c. of 20%) was added to a solu- 
tion of w-methoxyacetophenone (5 g.) and anisaldehyde (4:5 g.) 
in ethyl alcohol (30 c.c.). Next day, 3-5 g. of product had crystal- 
lised, and a further portion (1 g.) separated on cooling the solution 
in ice. The mother-liquor was treated as in the preparation of 
phenyl $-methoxystyryl ketone, and unchanged material (2-5 g.) 
and the unsaturated ketone (1 g.) were so obtained. The total 
yield was therefore 5-5 g. The substance crystallises from alcohol, 
in which it is moderately readily soluble, in hard, pale yellow, 
rectangular prisms, m. p. 75°, b. p. 238—242°/14 mm. (Found: 
C=763; H= 5-8. C,,H,,0, requires C= 76-1; H = 60%). 
The orange solution in sulphuric acid becomes deep yellowish- 
brown on heating. Attempts to prepare a crystalline dibromide 
were unsuccessful. 

Phenyl 4-Methoxybenzyl Diketone, Ph-CO-CO-CH,°C,H,-OMe.— 
The hydrolysis of the foregoing substance by means of sulphuric 
acid in acetic acid solution gave unsatisfactory yields (30%), but 
the use of hydrobromic acid effected a considerable improvement. 
The anisylidene derivative (2 g.) was dissolved in acetic acid (10 c.c.), 
concentrated aqueous hydrobromic acid (4 c.c.) added, and the 
orange liquid heated over a free flame until there was a rather 
sudden change of colour to a dirty red. The remaining procedure 
followed exactly that described in the case of phenyl benzyl ketone 
and there resulted 1-7 g. of a yellow, crystalline mass. The sub- 
stance is not very stable and crystallises best from methyl alcohol, 
separating in pale yellow, prismatic needles, m. p. 68° (Found : 
C= 75:2; H=5-6. C,,H,,0, requires C = 75-6; H = 5-5%). 
In alcoholic solution, the substance gives a purplish-brown color- 
ation with ferric chloride, and on condensation with o-phenylene- 
diamine in alcoholic solution it readily yields 2-phenyl-3-p-methoxy- 
benzylquinoxaline, which crystallises from ethyl alcohol in colourless 
needles, m. p. 119° (Found: C= 80-9; H=5-7. C,,H,,ON; 
requires C = 81:0; H = 5-5%) and gives a brown solution in 
sulphuric acid. 

When the alkaline solution of the diketone was agitated with 
methyl! sulphate, pheny! 8 : 4-dimethoxystyryl ketone was regener- 
ated in good yield. The crystallised substance, m. p. 75°, exhibited 
an unaltered melting point when mixed with an authentic 
specimen. 
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4-Methoxyphenyl 8-Methoxystyryl Ketone, 
MeO-C,H,°CO-C(OMe):CHPh. 
—This substance was prepared in the same way as phenyl B-methoxy- 
styryl ketone (above). w:4-Dimethoxyacetophenone (4 g.) and 
benzaldehyde (2-4 g.) yielded 3-3 g. of a yellow oil, b. p. 240— 
250°/33 mm., which crystallised, and 2 g. of recovered material, 
whilst the residue in the flask gave 0-5 g. of the condensation pro- 
duct by crystallisation from alcohol. The substance is readily 
soluble in most organic solvents and crystallises from ethyl alcohol 
in colourless, rectangular prisms, m. p. 74° (Found: C = 76-1; 
H=6-0. C,,H,,0, requires C= 76-1; H=60%). The deep 
yellow solution in sulphuric acid becomes intensely orange-red on 
warming and crimson on heating more strongly. 

4-Methoxyphenyl benzyl diketone, MeO-C,H,°CO-CO-CH,Ph, ob- 
tained from the foregoing unsaturated ketone by the same method 
and in the same yield as described above in the case of an isomeride, 
crystallises from ether or alcohol in yellow plates, m. p. 82° (Found : 
C= 756; H=5:7. C,.H,,0, requires C= 75-6; H = 5°5%). 
The properties of the substance closely resemble those of phenyl 
benzyl diketone. Condensation with o-phenylenediamine leads to 
2-p-methoxyphenyl-3-benzylquinoxaline, which crystallises from alco- 
hol in colourless, silky needles, m. p. 141° (Found: C= 808; 
H = 5-7. Cy 9H,,ON, requires C = 81:10; H = 5-5%). The solu- 
tion in sulphuric acid is Bordeaux red. 

4-Methoxyphenyl 8 : 4-Dimethoxystyryl Ketone, 

MeO-C,H,°CO-C(OMe):CH-C,H,°OMe. 

—The condensation of anisaldehyde and w : 4-dimethoxyaceto- 
phenone was carried out in the manner prescribed for the pre- 
paration of phenyl $-methoxystyryl ketone, except that after the 
removal of unchanged materials by distillation under diminished 
pressure the residue was stirred with alcohol and so induced to 
crystallise. The substance crystallises from alcohol in faintly 
yellow, rectangular plates, m. p. 72-5° (Found : C = 72-5; H = 6-2. 
C,,H,,0, requires C = 72-5; H = 6-0%). The orange-red solution 
in sulphuric acid becomes rich crimson on heating. Comparison 
of the colour of the derivatives of benzylideneacetophenone now 
described shows that a methoxy-group in the p-position in the 
benzylidene nucleus has auxochromic character, whilst a similar’ 
substitution in the acetophenone nucleus has a feeble bathochromic 
influence. 

On hydrolysis with hydrobromic acid in acetic acid solution, this 
trimethoxybenzylideneacetophenone yields 4-methoxyphenyl 4-meth- 
oxybenzyl diketone, MeO-C,H,°CO-CO-CH,°C,H,OMe, in almost 
theoretical amount. This substance closely resembles phenyl 
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benzyl diketone and crystallises from ethy] alcohol in yellow prisms, 
m. p. 92° (Found: C=71:7; H=85-8. C,,H,,0, requires 
C= 71:8; H=5-6%). 2-p-Methoxryphenyl-3-p-methoxybenzylquin- 
oxaline crystallises from alcohol in colourless, silky needles, m. p. 
123° (Found : C = 77-5; H = 5-7. CygHg90.N, requires C = 77-5; 
H = 56%). This base dissolves in concentrated hydrochloric acid 
to an orange-yellow solution, but the salt is dissociated on dilution 
with water. The solution in sulphuric acid is Bordeaux red. None 
of the quinoxalines now described exhibits fluorescence in acid or 
neutral solution. 

a-Benzylmandelic Acid and Derivatives —When solutions of phenyl 
benzyl diketone or its derivatives in aqueous sodium hydroxide of 
any convenient concentration are boiled, the deep orange colour 
rapidly fades to pale yellow and acidification of the cooled liquid 
with hydrochloric acid precipitates colourless crystals of the corre- 
sponding hydroxy-acid (yield nearly theoretical). These acids are 
sparingly soluble in hot water and very readily soluble in alcohol ; 
they can best be crystallised from benzene. 

a-Benzylmandelic acid occurs in colourless needles, m. p. 164° 
(Found: C= 74-7; H=6-1. C,;H,,0, requires C = 74-4; H = 
5:8%). The substance is oxidised by chromic acid in acetic acid 
solution with formation of benzil, whilst the action of bromine on 
a solution in aqueous sodium carbonate produces a neutral com- 
pound which contains bromine and crystallises from alcohol in 
colourless flakes, m. p. 54°. This is probably desyl bromide, 
m.p. 55°. On distillation under ordinary pressure, the acid (0-7 g.) 
yielded «-phenylcinnamic acid (0-5 g.), m. p. 170°, identified by the 
method of mixed melting point, and a small amount of stilbene, 
m. p. 124°. 

The acid, C,;H,,0,, m. p. 160—161°, which Bogdanowska (Ber., 
1892, 25, 1276) obtained by the action of 1% aqueous potassium 
hydroxide on dibenzyl ketone is doubtless identical with «-benzy]- 
mandelic acid. It may be that dibenzyl ketone suffers auto- 
condensation followed by oxidation and production of phenyl 
benzyl diketone and in its turn benzylmandelic acid. 

a-4-Methoxybenzylmandelic acid, OH-CPh(CO,H)-CH,°C,H,OMe, 
crystallises from benzene in prismatic needles, m. p. 193° 
(Found: C = 70:7; H=6-1. C,gH,,0, requires C = 70-6; H = 
59%). 

The isomeric 4-methoxy-«-benzylmandelic acid, 

Me0-C,H,°C(OH)(CO,H)-CH,Ph, 
crystallises in colourless needles, m. p. 181° (Found: C = 70-6; 
H = 61%). 
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4 : 4’-Dimethoxy-x-benzylmandelic acid, 
MeO-C,H,°C(OH)(CO,H)-CH,°C,H,-OMe, 
crystallises from benzene in colourless, prismatic needles, m. p. 170° 
(Found: C = 67:5; H=6-1. C,,H,,0; requires C = 676; H = 
6-0%). 
a-Hydroxy-8-methoxy-«y-diphenylpropane, 
Ph-CH(OH):-CH(OMe)-CH,Ph. 

—The reduction of phenyl @-methoxystyryl ketone by means of 
hydrogen in presence of palladium in acetic acid solution was 
unsuccessful. The ketone (4-5 g.), dissolved in ethyl alcohol 
(100 c.c.), was reduced during 3-5 hours by agitation with hydrogen, 
15 c.c. of a solution of palladous chloride (0-5°%) and gum arabic 
(05%) having been added. Absorption of hydrogen was still 
occurring, so the process was continued for a further 2-5 hours, 
when absorption of gas ceased. The filtered solution was distilled 
to remove alcohol, and the oil remaining was isolated with the 
aid of ether and distilled, 3-5 g., b. p. 197°/15 mm., being obtained 
[Found: C=79-1; H=74; MeO= 11-9, 11-8 (first expt.), 
12-6 (second expt.). C,,H,,0, requires C= 79-3; H=7-4; 
MeO = 12-8%]. The readily soluble, colourless oil does not yield 
a semicarbazone. It dissolves in sulphuric acid to a crimson 
solution which, on gently heating, becomes nearly colourless with 
simultaneous deposition of a deep bluish-grey solid. 

Relative Reactivity of w-Methoxyacetophenone and Phenyl Propyl 
Ketone.—w-Methoxyacetophenone (7-5 g.; 1 mol.), b. p. 115— 
116°/15 mm., phenyl propyl ketone (7-4 g.; 1 mol.), b. p. 118— 
120°/15 mm., salicylaldehyde (7-6 g.; 1-25 mols.), and potassium 
hydroxide (4 g.) were dissolved in methyl alcohol (100 c.c.), and 
the mixture boiled for 24 hours. The oil, insoluble in alkali, was 
then isolated by means of ether and distilled, 10-5 g., b. p. 115— 
122°, being obtained (Found : MeO = 5-2°%), and from this result 
it may be calculated that the whole of the phenyl propyl ketone 
was recovered unchanged whilst about 5 g. of the w-methoxy- 
acetophenone had been converted into the salicylidene derivative. 


The authors wish to thank the Chemical Society for a grant 
which covered a part of the cost of the investigation. 
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LIX.—The Additive Formation of Four-membered 
Rings. Part VI. The Addition of Azo-compounds 
to Ethylenes and some Transformations of the 
Dimethylene-1 : 2-di-imine Ring. 

By CHRISTOPHER KeEeLK INGOLD and STaNLEY DouGcLas WEAVER. 


THE experiments described in this paper were made with the object 
of ascertaining the tendency of the groups N—N and C—C to 
undergo additive union with each other to form a ring, and of 
increasing our knowledge of the somewhat obscure heterocyclic 
types which can be produced in this way. 

The azo-group in azobenzene possesses a very small additive 
power, and this may be ascribed to the engagement by the 
phenyl groups of the residual affinity of the unsaturated residue : 


Ph—N—N—Ph. When, however, the phenyl groups are replaced 
by other groups such as carbethoxyl, which have a much smaller 


affinity demand, structures are produced, such as Ph—N=N—CO,Et 


and CO ,Et—N=N—CO 2Et, possessing free residual affinity and 
hence greater additive power. These azo-esters were therefore 
chosen as representative compounds for the purpose of studying 
the additive reactions of the azo-group. 

The ethylene derivatives were selected in accordance with the 
principle which emerged during the earlier parts of this research, 
that substitution, especially by a large gem-grouping like the gem- 
diphenyl group, favours the production of stable, four-membered 
rings. Styrene, as-diphenylethylene, and diphenylketen were the 
examples chosen. 

Phenylazocarboxylic ester combines with great ease with 
diphenylketen, forming a four-membered ring-compound * ([). 
This compound, which belongs to a heterocyclic family very few 
members of which are at present known, undergoes a number of 
interesting changes. 


NPh:N-CO,Et +- CPh,.;CO —> 

= NaOH 
PhN—N-CO,Et —-» PhN—NH-CO,Et q7) 
Ph,C—CO <a> Ph,C—CO,H 
The action of hot aqueous-alcoholic sodium hydroxide leads to 


an acidic substance having an additional H,O in its composition. 
On dehydrating this with acetic anhydride, the original substance 


(I.) 


* The direction of this addition conforms to the theory of alternate 
polarities, unlike many of the cases previously discussed (compare, for 
instance, Ingold and Weaver, J., 1924, 125, 1456). 
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is regenerated. Since the constitution assigned to the original 
substance is analogous to that of a @-lactam, these reactions may 
legitimately be compared with those of the lactam (III), which, as 
Staudinger, Klever, and Kébner showed (Annalen, 1911, 374, 13), 
is converted by potassium hydroxide into am acid (IV) from which 
the lactam can be regenerated by the agency of acetyl chloride : 


ait) PhHO—N-CH,Ph <S PhHC—NH-CH,Ph 
Me,C—CO ——— | Me,C— CO oH 


The closeness of the analogy leaves little doubt but that alkali 
opens the ring in (I) in the manner shown, and that formula (IT) 
may be ascribed to the acid produced. 

A remarkable ring-transformation takes place when compound 
(I) is boiled with mineral acids. The product of the reaction is 
isomeric with the original substance, but possesses very different 
properties. The key to the nature of this isomeric change is given 
by the fact that, whereas the original four-membered ring compound 
does not, of course, form an acetyl derivative, its transformation 
product is readily acetylated, giving a monoacetyl compound; 
this can be explained only on the assumption that a hydrogen 
atom has passed from one of the phenyl groups to nitrogen. 
Formula (I) represents a ditertiary hydrazine, R'R"N-NR™R", in 
which two of the groups, such as R"™ and R", together participate 
inaring. Now the ditertiary hydrazines are known to be especially 
addicted to transformations of the ortho-semidine type. Thus 
tetraphenylhydrazine (V), although its constitution admits of any 
of the four rearrangements to which aromatic hydrazines are 
liable (the ortho- and para-semidine, and the ortho- and para- 
benzidine changes), actually isomerises exclusively to the base (VI) 
(Wieland, Annalen, 1911, 381, 200) : 


(IV.) 


\ Oz 
The structure of the cyclic hydrazine (I) admits of an ortho- or 
para-semidine change, but not a benzidine change, since only one 
of the nitrogen atoms carries a phenyl group. On the grounds of 
analogy, therefore, it is highly probable that the observed trans- 
formation is of the ortho-semidine type, and may be formulated 
as in the preceding case : 


—N(H)-CPh, 
ae es 
CO,Et 


(VIL.) 


o* 2 
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and this probability amounts to a practical certainty when it is 
reflected that the only possible alternative, a para-semidine 
rearrangement, is, in this case, intrinsically unlikely, since the 
product would have formula (VIII), which is quite out of keeping 
with its ease of formation and stability. Formula (VII), on the 
other hand, is in complete harmony with the properties of the 
substance. 

NN (CO,Et)-CO 

Sal (VIII.) 


\ZNH—CPh, 


One other transformation is of sufficient interest to be mentioned 
here. The compound (VII) does not react in the cold with 
phosphorus pentachloride, but if heated with this reagent it loses 
ethyl chloride, giving an acid chloride (IX), which, by the inter- 
action of its acyl chloride residue with the basic imino-group, yields 
the tricyclic compound (X) : 


/ ‘—NH-Ph, 

@ohy  \ fo 
COCcI 
(IX.) 


(VII.) 


This substance belongs to the type represented by the formula 
~, 
4 


one of these (at least) being unsymmetrical with respect to the 
two nitrogen atoms. The space model of (X) lies in three planes 
(like that of camphor), and the compound should therefore be 
capable of optical activity depending on the asymmetry of its two 
tervalent nitrogen atoms (Moore, P., 1914, 182). Moore and 
Doubleday (J., 1921, 119, 1170) recently prepared some asymmetric, 
tervalent nitrogen compounds of a similar type, but these contained 
methylene groups in place of the carbonyl groups in (X) and 
exhibited certain changes of colour and molecular weight in 
solution. It was hoped that the introduction of the cyclic -CO—N- 
linking in place of the -CH,—N- linking might confer greater 
stability, and the opportunity of completing the synthesis of a 
stable substance of type (XI) was therefore followed up in the 
manner described. The compound (X) is, in fact, remarkably 
stable and is colourless in the solid state and in solution. No 
special proof is offered here regarding its constitution, but the 
method of formation appears to place this beyond any reasonable 
doubt. 


N (XT), where a, b, and c denote three different groups, 


fa 

le 
N < b 
\‘C 
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Amongst the additive ring syntheses an account of which will be 
found in the experimental portion are the addition reactions 
between styrene and as-diphenylethylene on the one hand and 
azodicarboxylic ester on the other. The products belong to an 
almost unknown family of six-membered rings, the hexahydro- 
v-tetrazines, which, to judge by the examples described (XII and 
XIII), possess unexpected stability. 


N-CO,Et N:CO,Et 
(X11) PhHG” SN ‘CO,Et Pho” NN-CO,Et 
HG NCO Et H,C._/N-CO,Et 
N-CO,Et N-CO,Et 


(XIII) 


EXPERIMENTAL. 


Ethyl azodicarboxylate was prepared by a modification of Diels’s 
method (Ber., 1911, 44, 3020). Hydrazine sulphate (130 g.) was 
dissolved in a minimum of water, and the base liberated by potassium 
hydroxide (112 g. in a little water). The precipitation of potassium 
sulphate was furthered by adding alcohol, and the filtered solution 
treated with a mixture of 70 c.c. of ethyl chloroformate and 200 c.c. 
of ethyl alcohol. After heating for one hour on the water-bath, 
the precipitated hydrazine hydrochloride was collected, the filtrate 
evaporated at the ordinary temperature, and the product crystallised 
from boiling water. The hydrazo-ester (m. p. 131°; yield almost 
theoretical) was dissolved in concentrated nitric acid (5 parts) 
contained in a separating funnel, and the mixture allowed to warm 
slightly (this occurs spontaneously with the formation of nitrogen 
peroxide, the liquid becoming green). When the mixture became 
turbid and an oil separated on the surface, the lower layer was run 
off and cooled somewhat by a freezing mixture, whilst the oil, 
dissolved in ether, was washed once with water to prevent further 
oxidation by the excess of nitric acid contained init. The acid layer 
was then replaced in the funnel, allowed to warm again, and the 
process repeated until no more oil could be obtained. The combined 
ethereal solutions were washed about 15 times with 10% sodium 
carbonate solution, then with water, dried over sodium sulphate, 
and the ether removed. The residual oil was purified by distillation 
and the ethyl azodicarboxylate collected at 121—125°/16 mm. 

Ethyl hydrazotricarboxylate, CO,Et-NH-N(CO,Et),, a by-product 
in the above preparation, was collected in the fraction, b. p. 199— 
203° /22 mm., which on re-distillation yielded a neutral, colourless oil, 
b. p. 200—201°/23 mm. (Found: C = 42-95; H = 6-47; N = 11:3; 
M in freezing benzene = 276, 258. C,H,,0,N. requires C = 43:5; 
H= 6-4; N=11:3%; M = 248). 
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Ethyl benzenazocarboxylate was prepared by a modified form of 
Heller and Widman’s methods (Annalen, 1891, 263, 287; Ber., 
1895, 28, 1927). Ethyl chloroformate (50 g.) was added gradually 
and with vigorous stirring to an ice-cold solution of 100 g. of 
phenylhydrazine in 500 c.c. of dry ether. The red oil, which 
remained when the ether was evaporated from the filtered solution, 
was dissolved in benzene, and ligroin (b. p. 60—80°) added to bring 
about the separation of the hydrazo-ester in nearly colourless 
needles, m. p. 80—82° (yield 60%). Forty grams of this, dissolved in 
cold glacial acetic acid, were treated gradually with an aqueous 
solution of 12 g. of potassium permanganate. After the excess of 
the permanganate had been destroyed with hydrogen peroxide, the 
mixture was poured into water, and the oil extracted with ether and 
washed several times with sodium carbonate and then with water. 
The extract was dried with calcium chloride and evaporated, and the 
azo-ester freed from the last traces of ether by the passage of a 
current of dry air at 40° (yield 90%). 

Addition of Ethyl Azodicarboxylate to Diphenylketen : Formation 
of Ethyl 3 : 5-Diketo-4 : 4 : 6 : 6-tetraphenylhexahydropyridazine-1 : 2- 
CPh,*N(CO,Et)-N(CO,Et) * 
CO——CPh, co 
tion containing ethyl snodicarbenylate (7-5 g.) and diphenylketen 
(8-6 g.) was kept for 24 hours out of contact with air and moisture. 
The crystals which had separated were recrystallised several times 
from ethy] alcohol, colourless needles, m. p. 129—131°, being obtained 
(Found: C = 72-61; H = 5-30; N= 5-03. C,H ,0,N, requires 
C = 72-44; H = 5-34; N=4-98%). The compound gives no colour 
with ferric chloride and is stable to permanganate in the cold; it 
is, however, fairly sensitive to hydrolysing agents. 

Hydrolytic Fission: Anhydro-a-diphenylacetyl-«(or 8)-carbory- 
(or «)-carbethoxyhydrazine-b-diphenylacetic Acid, 

CPh,-N-N (CO,Et)-CO-CHPh, |, ‘oo *N(CO,Et)-N-CO-CHPh,. 

CO-0-CO 0-——Co 
—The pyridazine (4 g.) was boiled me concentrated hydrochloric 
acid (15 c.c.) and alcohol (70 c.c.) until crystals began to separate. 
After cooling, the product was collected and crystallised from a 
mixture of alcohol and ethyl acetate, from which colourless needles 
separated, m. p. 155—156° (yield 3-4 g.) (Found: C = 71:57; 


dicarboxylate, } —A light-petroleum solu- 


* This y-diketopyridazine formula is ascribed in preference to the 5-diketo- 
CO-N(CO,Et): ‘N-CO,Et 
éPh,—CPh,—GO 

the y-diketopiperidines of Staudinger, which, unlike the isomeric 5-diketo- 
piperidines, are readily split by hydrolytic agents (compare Annalen, 1911, 
374, 11). 


pyridazine formula, , owing to the close analogy with 
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H = 5-19; N=5-06. C,.H,,0,N, requires C = 71-63; H = 5-22; 
N = 522%). The compound is stable towards permanganate and 
gives no colour with ferric chloride. 

Addition of Ethyl Benzeneazocarboxylate to Diphenylketen : Form- 
ation of Ethyl 4-Keto-2 :3 : 3-triphenyldimethylene-1 : 2-di-imine- 
1-carboxylate (1).—The azo-ester (5-1 g.) was added to a solution of 
5-6 g. of the keten in 150 c.c. of light petroleum, and the mixture 
kept for 24 hours out of contact with air and moisture. The 
crystals were then collected, drained, and crystallised from ether, 
alcohol, dilute acetic acid, or chloroform—ligroin, from any of 
which colourless prisms separated, m. p. 132—133° (yield 70%) 
(Found: C = 74:30; H=5:50; N=7-61. C,.,3H0,N, requires 
C=7420; H=5-38; N=7-53%). The compound gives no 
colour with alcoholic ferric chloride, and does not reduce perman- 
ganate in the cold; nor can it be reduced by zinc in boiling acetic 
acid. It yields no acetyl derivative, and is, for example, unchanged 
by prolonged boiling with acetic anhydride. On distillation under 
reduced pressure, an operation in which so many four-membered 
ring compounds are broken down into unsaturated substances 
(‘thermal division’), this compound passes over unchanged. It 
is, however, sensitive to hot mineral acids and alkalis. 

Ring Fission by Alkaline Hydrolysis: 8-Phenyl-«-carbethoxy- 
. hydrazine-B-diphenylacetic Acid (II).—A solution of the ring- 
compound (3-4 g.) in 35 c.c. of alcohol was boiled with 10 c.c. of 
10% aqueous sodium hydroxide for about 5 minutes, cooled, and 
acidified with hydrochloric acid. The precipitated oil was extracted 
with chloroform, and recovered by evaporation of the solvent after 
drying with calcium chloride. It readily solidified on rubbing with 
ether, and was then crystallised from chloroform—ligroin, from 
which slender, colourless needles, m. p. 157—158°, were obtained. 
Yield, 3-5 g. (Found: C = 70-38; H = 5-84; N=7-16. C,,H,.0,N> 
requires C = 70-76; H = 5-64; N=7-18%). It is a weak acid, 
soluble in dilute sodium hydroxide solution, but only slowly 
soluble in sodium hydrogen carbonate. 

Closure of the Ring by Dehydration with Acetic Anhydride.—The 
acid (0:3 g.) was boiled for about 3 minutes with 2 c.c. of acetic 
anhydride, and the product warmed with water to remove the 
excess of the latter. The oily precipitate was extracted with 
chloroform, and the extract washed with water, dried with calcium 
chloride, and evaporated. The residue, on rubbing with ether, 
solidified and was crystallised from alcohol, from which the ring- 
compound (I) separated (yield 0-25 g.). It was identified by m. p. 
(132—133°), and mixed m. p., and by analysis (Found: C = 73-7; 
H = 54%). 
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Conversion of a 4-Membered Ring into a 6-Membered Ring by 
o-Semidine Change: Ethyl 3-Keto-2 : 2-diphenyltetrahydroquinoxaline- 
4-carboxylate (VII).—A solution of 5 g. of the ring-compound (I) in 
40 c.c. of alcohol was boiled with 20 c.c. of concentrated hydro- 
chloric acid until crystallisation commenced. The solid product 
was collected from the cooled solution and crystallised from chloro- 
form-ligroin, dilute alcohol, or dilute acetic acid, from any of 
which it separated in bunches of colourless needles, m. p. 165—166° 
(yield almost theoretical). 

Although this product melted fairly sharply, close examination 
revealed the presence of about 10% of an impurity which could not 
be removed by fractional crystallisation. After many trials, the 
following process was adopted. The substance (3 g.) was dissolved 
in 15 c.c. of aleohol and boiled with 30 c.c. of 10% sodium hydroxide. 
The small quantity of solid which separated was collected after 
cooling (0-3 g.). After crystallisation from ligroin-chloroform it 
yielded slender, colourless needles, m. p. 180—181° (Found: 
C = 75:97; H = 5:12; N=9-17. C.H,,0,.N, requires C = 75-85; 
H = 5:06; N = 8-86%). This substance is, apparently, a keto- 
triphenyloxadiazole, but the quantity obtained was too small for 
investigation. 

The mother-liquors from this substance deposited the quinoxaline, 
which could be washed with dilute acid and crystallised ; but a more 
convenient process was to add hydrochloric acid and extract the 
oily precipitate with chloroform. The product recovered in this 
way soon solidified, and after crystallisation from dilute acetic 
acid melted at 168° (Found: C = 74-47; H= 5-44; N = 7-44. 
Cy3HoO,N, requires C = 74:20; H = 5-38; N= 17-53%). This 
substance is extremely stable towards most reagents. It is not 
attacked by concentrated mineral acids or alkalis, and is only 
slowly oxidised by hot acid permanganate. It is not reduced by 
zine dust in boiling acetic acid solution. 

The acetyl derivative was obtained when the quinoxaline (0-4 g.) 
was boiled with acetic anhydride (5 c.c.) for about 15 minutes. 
The product was boiled with water to remove excess of the 
anhydride, and sufficient glacial acetic acid was added to produce 
a clear solution, which, on cooling, deposited colourless needles, 
m. p. 190—191° (yield 0-4 g.) (Found: C = 72-33; H = 5-31; 
N = 6-87. (C,;H,.0,N, requires C = 7246; H=531; N= 
676%). This substance is readily hydrolysed to the parent 
quinoxaline (VII) by boiling for a few minutes with aqueous- 
alcoholic hydrochloric acid, or aqueous-alcoholic sodium hydroxide. 

Action of Phosphorus Pentachloride on the Quinoxaline (VII): 
Formation of 1 : 4-endo-Keio-2-keto-3 : 3-diphenyltetrahydroquinoxa- 
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line (X) and other Products.—No very trustworthy process could be 
discovered for producing the endo-keto-compound; although it 
could be obtained in a variety of ways, the yield was always small 
and the results were somewhat uncertain. The reason for this is 
partly that the compound is attacked by the reagent (phosphorus 
pentachloride) used in its formation, as is shown by the production 
of the dichloro-compound (below), and partly that, from the 
commencement of the reaction, changes occur which cannot lead 
to the desired compound; this is proved by the evolution of 
carbonyl chloride and by the formation of the monochloro-com- 
pound (below). The most trustworthy method was the following. 
The endo-Keto-compound (X).—A mixture of the quinoxaline 
with an equal weight of phosphorus pentachloride was treated with 
sufficient phosphorus oxychloride to produce a clear solution at 100°. 
The mixture was then boiled gently for about 20 minutes, cooled, 
and filtered from the small precipitate produced during the boiling. 
The chlorides of phosphorus were decomposed with water, and the 
solid product was collected, dried, and quickly extracted with 
warm absolute alcohol. The solid which separated from the 
filtered solution consisted essentially of the endo-keto-compound, 
which, at this degree of purity (m. p. 305—310°), is only sparingly 
soluble in alcohol. (Hence arises the necessity for extracting 
quickly ; otherwise the compound does not pass into solution with 
its impurities, and is not crystallised, thus rendering further 
purification difficult.) Repeated crystallisation from nitrobenzene 
raises the m. p. to 335° (yield 6%) (Found : C = 77-26; H = 4-59; 
N = 8-67. C,,H,,0,N, requires C = 77-30; H = 4-29; N = 8-59%). 
A dichloro-compound, probably 2 : 2-dichloro-1 : 4-endo-keto- 
3:3- diphenyltetrahydroquinoxaline (annexed for- 

/ Vi, | io GP he mula), was obtained in the course of the above 
\ Ad ‘LOC, experiments. In the presence of the impurities 
which accompany it, it is readily soluble in alcohol, 

from which, after slight dilution with water, it slowly crystallises. 
Repeated crystallisation from a mixture of nitrobenzene and ligroin 
(b. p. 100—120°) yields the pure compound as a micro-crystalline 
powder, m. p. 246° (decomp.) (Found : C = 66-24; H=3-90; Cl= 
18-46. C,,H,,ON,Cl, requires C = 66-14; H = 3-67; N = 18-64%). 
A monochloro-compound, probably 3-chloro-2 : 2-diphenyl-1 : 2- 
NH dihydroquinoxaline (annexed formula), was isolated 

o% i Ph in the course of a series of experiments in which 
¢ 2 benzene was used as a solvent instead of phosphorus 


| 


yr \ea oxychloride. It was separated from the product 
obtained after decomposing with water, by extraction. 
with dies in a Soxhlet’s apparatus, and fractional crystallisation 
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from benzene and from nitrobenzene-ligroin. It accumulated in the 
more soluble fractions and was ultimately obtained as minute 
prisms, m. p. 204° (Found: C = 75:07; H = 4-87; Cl = 11-22. 
Cy9H,;N,Cl requires C = 75:35; H = 4-71; Cl = 11-15%). 

Addition of LHthyl Azodicarboxylate to as-Diphenylethylene : 
Formation of Ethyl 6: 6-Diphenylhexahydro-1 : 2 : 3 : 4-tetrazine- 
1:2:3:4-tetracarboxylate (XIII).—Equimolecular quantities of 
as-diphenylethylene and the azo-compound were mixed and kept 
for about 4 days at the ordinary temperature, when the colour of the 
azo-compound disappeared and the liquid became extremely 
viscous. On rubbing with ether, a solid was obtained which 
separated from chloroform-ligroin in colourless prisms, m. p. 164— 
166° (Found: C = 58-25; H=6-18; N=10-4. C,)H,,0,N, 
requires C = 59:10; H = 6:06; N= 10-6%). The ether washings 
yielded unchanged diphenylethylene (about 0-5 mol.), but no 
other reaction product. The tetrazine derivative is unattacked 
by cold potassium permanganate and by boiling acetyl chloride. 
Attempts to hydrolyse it were not successful, deep-seated de- 
composition taking place, no definite product of which could be 
recognised. 

Addition of Ethyl Azodicarboxylate to Styrene: Formation of 
Ethyl  6-Phenylhexahydro-1 : 2:3 : 4-tetrazine-1 : 2 : 3 : 4-tetracarb- 
oxylate (XIT).—This reaction was carried out like the preceding one, 
the colourless, glassy mass partly solidifying on trituration with 
ether, and styrene (about 0-5 mol.) being recovered from the ether 
solution after removal of the solid. The substance separated 
from chloroform-ligroin in colourless prisms, m. p. 133—134°, and 
had properties similar to those of the preceding compound (Found : 
C= 65281; H=615; N=12-4; M=466. CyH.,0,N,y 
requires C = 53:10; H=6-19; N=12-4%; M = 452). 

Supplementary Note: Addition of Benzylidene-p-nitrobenzylamine 
to Diphenylketen.—A solution of the azomethine (6-86 g.) in ether 
was mixed with a ligroin solution containing 5-55 g. of the keten. 
The mixture was kept for 24 hours out of contact with air and 
moisture, and the crystals whwh had separated were then collected 
and crystallised from ether and from dilute alcohol, from which 
large, colourless prisms separated, m. p. 133—134° (Found: 
C = 77-39; H = 5-22; N= 6-42. C,,H,.0,N, requires C = 77-41; 
H = 5-07; N = 6-45%). The compound is moderately stable to 
heat and is non-basic, and is therefore, probably, 2-keto-3 : 3 : 4-tri- 
phenyl-1-p-nitrobenzyltrimethyleneimine (the lactam of 8-p-nitro- 
benzylamino-xxf-triphenylpropionic acid), 


CPhy <b pp>N-CHs'CoHyNO, (7). 
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: LX.—The Conditions Underlying the Formation of 
Unsaturated and Cyclic Compounds from Halogenated 


Open-chain Derivatives. Part VI. Products Derived 
from Halogenated a-Methylglutaric Acids. 


By CHRISTOPHER KELK INGOLD. 


In the previous parts of this series (J., 1921, 119, 305, and sub- 
sequently), comparative experiments have been described the 
object of which was to furnish a test of the hypothesis, advanced 
in Part I (loc. cit.), that the angle between any two valencies of 
a carbon atom is determined by the relative molecular volumes 
of the four groups attached. Theory indicated that on passing 
through a series of glutaric acids, such as that depicted below, 
there should be witnessed a gradual closing in of the acetic acid 
residues as the combined bulk of the substituents attached to the 


central carbon atom increases : 

H CH,°CO,H CH. CH,-CO,.H CH CH,°CO,H 
Nok 67 Nos 12s * *\0% 109” 
De ) Pa ) pe ; 

H’ \cH,-CO,H H% \CH,CO,H CH,” \CH,-CO,H 


The effect of this convergence has been experimentally realised, 
and it is manifested by an increasing tendency to cyclopropane 
ring formation by the interaction of atoms or groups attached to 
the residues in question. 

Whilst this work was progressing, it was discovered in the course 
of a concurrent series of investigations (‘‘ Experiments on the 
Synthesis of the Polyacetic Acids of Methane’’; see especially J., 
1921, 119, 1582) that the branching of chains has a very marked 
effect on a certain class of reactions (Michael’s addition-process and 
its reversion) which appears to be governed to a large extent by 
spatial factors, the effect of branching being always in the direction 
suggesting an effective increase of the space-filling power of the 
group concerned. It seemed desirable, therefore, to include a 
study of the effect of branching in the comparative investigation 
which forms the subject of this series, and for this purpose the 
a-methyl derivative of glutaric acid was selected. If the space- 
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occupying power of the branched chain —OH<oh 34 is in reality 
2 


greater than that of the normal chain —CH,°CO,H, the angle 
between the residues in «-methylglutaric acid should be greater 
than the corresponding angle in glutaric acid itself : 


cH<¢0; H 
ail, angle senaler than 115°3° 


H’ \CH,-CO,H 


There should therefore be a distinct decrease in the tendency 
towards cyclopropane ring formation from derivatives of «-methyl- 
glutaric acid as compared with the tendency displayed by corre- 
sponding derivatives of glutaric acid. 

cycloPropane ring formation always takes place to a very con- 
siderable extent when the monobromination product of a glutaric 
acid is treated with concentrated alkalis under the standard con- 
ditions which have been employed throughout this series of 
investigations. The principal side reaction is that which gives 
rise to a hydroxyglutaric acid, whilst small amounts of a glutaconic 
acid may also be produced. Thus ethyl monobromoglutarate, 
CO,Et-CH,°CH,-CHBr-CO,Et, yields 47% of the ring-acid (I), 
16% of the hydroxy-acid (II), and 3% of glutaconic acid (IIJ), 
the figures representing identified material (total 66%) : 


H-CO,H ay —CH(OH)-CO,H 
CH. ‘CO, "H CHs<CH,-CO,H : 
(L.) (I1.) 


In presence of dilute alkalis, hydroxylation becomes the main 
reaction, although the formation of small amounts of the ring 
product can also be observed. 

On extending the investigation to 2-methylglutaric acid it became 
clear that derivatives of this substance exhibit a greatly decreased 
tendency to pass into compounds of the cyclopropane series. On 
monobrominating the acid by way of its chloride and pouring the 
product into alcohol, two monobromo-esters (IV and V) were 
obtained, the former in by far the larger quantity : 


CHMe-CO,Et CBrMe-C0,Et 
CHBr-CO, Et CHe<cH.co,ne 


Each of these, on treatment with dilute alkalis under the pre- 
viously-mentioned standard conditions, gave a hydroxy-acid (VI 
and VIII), which passed into a y-lactone (VII, IX) during the 
manipulation necessary in its isolation. Unlike the formation of 
the hydroxy-acid (II) from monobromoglutaric ester, these hydr- 


(IV.) CH,< 


OF UNSATURATED AND CYCLIC COMPOUNDS, ETC. PART VI. 389 


oxy-acids were produced quantitatively, without any perceptible 
accompaniment of ring-formation. 


CHMe-CO,H 
CH(OH)-CO,H 


CMe(OH)-CO,H 


(VL) CH.< 


consti tn ig (VII.) 


CH(CO,H)- 


e(CO,H)- (IX.) 


r ‘ M 
(VIII.) CHe<¢H,-CO,H — CH HH, 


bo 
That the main bromination product (IV) should be converted 
into the hydroxy-acid (VI) without the simultaneous ring formation 
which characterises the corresponding reaction in the glutaric acid 
series, appears the more remarkable when count is taken of the 
lability which tertiary hydrogen usually displays as compared 
with secondary hydrogen in an otherwise similar situation. The 
ready elimination of hydrogen bromide from ethyl «-bromoiso- 
valerate as compared with ethyl «-bromo-n-butyrate : ' 


(CH,),CH-CHBr-CO,Et —> (CH,),C:CH-CO,Et (easily) 
CH,CH,CHBr-CO,Et —> CH,-CH:CH-CO,Et (with difficulty) 


the direct oxidation of §-isopropylglutaric acid and the ready 
chlorination of isoamyl] chloride : 


(CH,),CH-CH(CH,°CO,H), —> (CH,),C(OH)-CH(CH,CO,H), 
(CH,),CH-CH,°CH,Cl —> (CH,),CCI-CH,CH,Cl 


are instances of a general phenomenon which might be expected 
to render the bromo-ester (IV) more easily convertible into a cyclo- 
propane derivative than the monobromo-ester of glutaric acid, 
since in the former case tertiary hydrogen would suffer elimination 
along with bromine. The observed difference is actually in the 
opposite direction, an indication that the divergence of the valency 
directions produced by the spatial requirements of the branched 
chain is sufficiently great to dominate all minor influences. 

When concentrated alkalis were employed under the second set 
of standard conditions (loc. cit.), the formation of the hydroxy- 
acids took place only to a limited extent. A considerable pro- 
portion of the product consisted of trans-1-methylcyclopropane- 
1 : 2-dicarboxylic acid (X), accompanied by a smaller quantity of 
the corresponding cis-acid (XI). 

These acids possess the usual properties of geometrical isomerides. 
The cis-acid, on boiling with acetyl chloride, or heating some 20° 
above its melting point, yields an anhydride (XII), from which 
it can be regenerated by boiling with water. The trans-acid does 
not yield an anhydride under either of these conditions, but if 
heated to 180° with acetyl chloride is converted into the anhydride 
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of the cis-acid. Finally the cis-acid can be converted into the 
trans-modification by heating with mineral acids : 


(X.) CO,H:CMe HCl CH, Me-CO,H (XI.) 


CH,“CH-CO,H + H-CO,H 
ey g° 
— Me-CO si 
CH 0° IL) 


Amongst the products present in smaller quantity were «-methy]- 
glutaconic acid (y-methylglutaconic acid) (XIII), 


CO,H-CHMe-CH:CH-CO,H == CO,H-CH,°CH:CMe-CO,H (XIII.) 


formed by elimination along with bromine of one of the hydrogen 
atoms of the @-methylene group, and a-methyleneglutaric acid 
(XIV), evidently produced by an elimination involving a hydrogen 
atom of the methyl group : 


CO,H-C(:CH,)-CH,*CH,-CO,H (xiv) 


In addition to these products, others were isolated which could 
have been formed only by the fission of the cyclopropane ring in 
the ring acids mentioned above. No doubt the first product is 
methylitamalic acid (XV), which on isolation passes spontaneously 
into methylparaconic acid (XVI), the fission being analogous to 
that of caronic acid, which yields terebic acid, and that of cyclo- 


propane-1 : 2-dicarboxylic acid (loc. cit.), which forms paraconic 
acid : 


ca >» CHMe-CO,H -e ¢O—CHMe 
CH,(OH)-CH:-CO,H O-CH,*CH-CO,H 
(XV.) (XVI.) 


A certain quantity of methylparaconic acid can be isolated, but 
part of the methylitamalic acid undergoes dehydration in another 
direction, yielding methylmethylenesuccinic acid (XVII), which in the 
presence of the alkali is reversibly transformed into a mixture of 
dimethylfumaric acid (XVIII) and dimethylmaleic acid (XIX), the 
latter being isolable only in the form of its anhydride (XX) : 


(XV.) CO,H-@-CH, (xvitt.) 
_. | CH,°C-CO,H 
pea CH;"C-CO,H CH,°C-CO O 
HMe-CO,H CH,°C-CO,H — CHCco7 
CH,:C-CO,H (XVI) (XIX.) (X.) 
Although the quantitative aspect of these reactions was studied 
with some care, it was not found possible to recover much more 
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than 70% of the material in the form of pure isolated products. 
During the separation and purification of the individual substances, 
numerous small losses were practically unavoidable, so that the 
deficit can be accounted for without supposing that any product 
of importance has been missed. The following table represents 
the best results obtained after a considerable number of preliminary 
trials. 
TaBLe [. 

Per cent. 
Lactone of y-hydroxy-a-methylglutaric acid (VII) 23 
Lactone of a-hydroxy-a-methylglutaric acid (IX) 5 
a-Methylglutaconic acid (normal form) (XIII) 
a-Methyleneglutaric acid (XIV) 
cis-1-Methylcyclopropane-1 : 2-dicarboxylic acid (XI) 
trans-1-Methylcyclopropane-1 : 2-dicarboxylic acid (X) 
Methylparaconic acid (XVI) * 
Methylenemethylsuccinic acid (XVII) * 


Dimethylfumaric acid (XVIII) 
Dimethylmaleic anhydride (XX) 


~ 


bo 02 G8 SH SO Or Ge Go 


Total isolated 


* Part converted into dimethylmaleic anhydride during separation and 
weighed in that form. 


In computing these results for the purpose of arriving at a com- 
parison of the relative tendencies towards ring formation in the 


glutaric acid series and in the «-methylglutaric acid series, it is 
legitimate to count, in place of each product of ring-fission, an 
equivalent amount of the ring acid. The following figures (Table IT) 
are obtained in this way from those of Table I and the table of 
results given in Part I (Joc. cit.). 


TaBLe IT. 


Derivatives from 


a-Methylglutaric 
Products. Glutaric acid. acid.* 


a-Hydroxyglutaric acids 16 per cent. 28 per cent. 
Glutaconic acids 3 3 
cycloPropane acids 39s, 


7045 


* The 3% of methyleneglutaric acid, the formation of which is probably 
due to a fourth side-reaction, is neglected. 


From this table it is evident that the quantity of glutaconic 
acids produced is in each case small and of a similar order of 
magnitude. Hence for the comparison of the extent to which 
cyclopropane ring formation takes place in competition with 
hydroxylation we may regard the glutaconic acids as representing 
material put out of action. Calculating the proportions of hydr- 
oxylation products to ring-acids as percentages of the material 
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identified as having passed into one or other of these two forms, 
we obtain the following figures, which plainly mark the decreased 
tendency to ring closure produced by the branching of the acetic 
acid residue : 

TaB_eE IIT. 


Derivatives from 


a-Methylglutaric 
Products. Glutaric acid. acid. 


Hydroxylation 25 per cent. 43 per cent. 
Ring-formation i _— ar 


100_—Ssé*ér», 100s, 


It remains to be added that no trace of cyclobutane-1 : 3-di- 
carboxylic acid (X XI) could be detected, although its formation 
from the bromo-ester (IV) might be expected to take place accord- 
ing to the scheme 


CHBr-CO,Et CH-CO,H 
(IV.) CH.< tony CH,<>CH, (XXL) 
CO,Et-CH-CH, CO,H-CH 
if the mechanism of the formation of cyclobutane-1 ; 3-dicarboxylic 
ester from «-chloropropionic ester by the action of sodium ethoxide 
(Markovnikov and Krestovnikov, Annalen, 1881, 208, 333) is, as 


might naturally be supposed, the following : 


CH,°CHCI-CO,Et CHC1-CO,Et 
+ Gra0kO CH,< (NaOEt) 

CO,Et-CHCI-CH, CO,Et-CH-CH, 

(XXIT.) one esth’ 

(XXIIL) ¢, 0.8 —"" 

for the hypothetical intermediate product (XXII) is the chlorine 
analogue of the bromo-ester (IV). Moreover the chloro-compound 
(XXII) has been prepared synthetically, by the chlorination of 
a-methylglutaric acid, and all attempts to convert it into the 
cyclobutane ester (XXIII) by the agency of sodium ethoxide have 
hitherto failed. 

It has been thought right to mention these negative results 
here, as, although the mechanism of the Markovnikov-Krestovnikov 
reaction is at present under investigation, the matter is of such 
complexity that it may well baffle enquiry for a considerable time. 


EXPERIMENTAL. 
The «-methylglutaric acid required for these experiments was 
prepared by condensing ethyl 8-iodopropionate with ethyl sodio- 
methylmalonate and hydrolysing the product with hydrochloric 
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acid (Auwers, Annalen, 1896, 292, 209). Instead of distilling the 
residue obtained by complete evaporation of the hydrochloric acid 
solution, as Auwers recommends, the solution was concentrated 
to a small bulk and kept for 16 hours to crystallise, when nearly 
the whole of the «-methylglutaric acid separated. The syrupy 
mother-liquors were evaporated to dryness and distilled under 
diminished pressure, when a little carbon dioxide was evolved and 
the distillate set to a crystalline mass consisting of practically 
pure a-methylglutaric acid. The partial dehydration of this acid 
on distillation, noticed by Auwers, was not observed when only a 
small quantity was distilled at once, as in the method of preparation 
employed. The yield in the condensation was 60% of the 
theoretical (the principal by-product being ethyl acrylate), and 
the yield in the hydrolysis, 88° of the theoretical. 


(A) Monohalogenation of «-Methylglutaric Acid. 


Bromination.—A mixture of «-methylglutaric acid (80 g.) and 
thionyl chloride (110 c.c.) was warmed until no more sulphur . 
dioxide was generated. The product was kept at 40°, first for 
40 hours while 32 c.c. of bromine were added, then for 24 hours, 
and the reaction was completed by keeping at 60° for a few hours. 

Methyl y-bromo-«-methylglutarate, 

CO,Me-CHBr-CH,°CHMe-CO,Me, 

was prepared by pouring the crude bromination product into 
methyl alcohol and collecting in ether after the addition of water. 
Traces of acid products having been removed with aqueous sodium 
carbonate, the extract was washed with water, dried, and evapor- 
ated, the residual oil being carefully fractionated to remove small 
amounts of unbrominated and dibrominated ester. After several 
distillations, the ester was obtained as an oil, b. p. 139—144°/14— 
15 mm. (Found: Br = 31-4. C,H,,0,Br requires Br = 31-6%). 

Ethyl y-bromo-a-methylglutarate (IV) was prepared like the pre. 
ceding ester and boiled at 145—150°/14—15 mm. (Found: Br= 
28-8. Cj, 9H,,0,Br requires Br = 28-6%). 

Chlorination.—The chloride of the acid, prepared as for the 
preceding experiments, was kept at 40°, and treated with one- 
fifth of the quantity of chlorine theoretically required for mono- 
chlorination on each of six successive days. After a further 48 
hours, part of the product was poured into methyl alcohol and part 
into ethyl alcohol. 

Methyl y-chloro-«-methylglutarate, 

CO,Me-CHClI-CH,"CHMe-CO,Me, 
was obtained as an oil, b. p. 120—124°/15—16 mm. (Found: Cl = 
17-2. C,H,,0,Cl requires Cl = 17:0%). The ethyl ester also was 
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an oil, b. p. 128—130°/14—16 mm. (Found: Cl = 14-8. C,)H,,0,Cl 
requires Cl = 14-9%). 

Iodination.—The chloro-esters were each digested for 2 hours 
with an equivalent of finely divided sodium iodide in alcoholic 
suspension, and the oily product was collected in ether after 
pouring into water. 

Methyl «-iodo-«-methylglutarate, CO,Me-CHI-CH,-CHMe-CO,Me, 
has b. p. 174—176°/12—13 mm. (Found: I = 42-5. C,H,,0,I 
requires I = 42-39%). The ethyl ester has b. p. 194—197°/12— 
13 mm. (Found: I = 38-7. C,9H,70,I requires I = 38-7%). 

The experiments described below show that each of these esters 
contains as an impurity a small amount of the isomeric «-halogen- 
a-methylglutaric ester (type V). 


(B) Action of Dilute Alkalis on the Monobromo-ester : Formation 
of the Lactones of y-Hydroxy-u-methylglutaric and «-Hydroxy- 
a-methylglutaric Acids. 

The monobromo-ester (section A) was boiled with 4-5 equivalents 
of 2N-aqueous sodium carbonate for 20 hours. The product was 
concentrated, acidified with hydrochloric acid, evaporated com- 
pletely to dryness, and extracted with acetone. 

Lactone of «-Hydroxy-«-methylglutaric Acid (IX).—The residue 
obtained on evaporating the acetone was boiled with a suspension 
of calcium hydroxide. The filtered solution, on concentrating and 
cooling, deposited a calcium salt, fine needles, nearly insoluble in 
cold water (yield about 4%). The lactone regenerated from the 
calcium salt by the action of hydrochloric acid was extracted with 
ethyl acetate and crystallised from a mixture of this solvent with 
light petroleum, from which it separated in small prisms, m. p. 71° 
(Found: C = 50-1; H = 5-7. C,H,O, requires C = 50-0; H = 5-5%). 

Its constitution was established by oxidation with warm alkaline 
permanganate (3%), when succinic acid was obtained unaccom- 
panied by any methylsuccinic acid. 

The ammonium salt separated from a small amount of alcohol 
in clusters of small needles (Found : C= 446; H=7-2. C,H,,0,N 
requires C = 44-7; H = 6:8%). The silver salt was obtained from 
the ammonium salt as a rather soluble, white precipitate (Found : 
Ag = 42-7. C,H,0,Ag requires Ag = 43-0%). 

a-Hydroxy-«-methylglutaric Acid (VIII).—This acid does not 
appear to be stable in the free state, but its salts are formed by 
the action of alkalis on.the lactone. Attempts to regenerate the 
acid led to the lactone. 

The barium salt, prepared by boiling the lactone with excess of 
barium hydroxide, formed microscopic prisms, which were dried 
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in a vacuum at 120° (Found: Ba = 45-8. C,H,O,Ba requires 
Ba = 46-2%). The silver salt was prepared from the barium salt 
(Found: Ag = 57:5. C,H,O;Ag, requires Ag = 57-5%). 

Lactone of y-Hydroxy-«-methylglutaric Acid (VII).—The material 
remaining in solution after the separation of the sparingly soluble 
calcium salt appeared to be homogeneous, consisting of a readily 
soluble salt crystallising from concentrated solution in separate 
leaflets or crusts. On dissolving this in hydrochloric acid and 
extracting with ethyl acetate, a lactone, b. p. 185—187°/14 mm., 
was obtained (Found: C=500; H=5-6. C,H,O, requires 
C = 50:0;'H = 55%). 

Its constitution was established by oxidation with warm 3% 
alkaline permanganate, when methylsuccinic acid was obtained. 

The ammonium salt separated from ethyl acetate in rosettes of 
needles (Found: C= 44:3; H=7-0. C,H,,0,N requires C = 
44-7; H = 68%). The silver salt was obtained from the ammonium 
salt (Found: Ag = 42-°9. C,H,O,Ag requires Ag = 43-0%). 

The ethyl ester, obtained both from the silver salt and ethyl 
iodide, and directly from the bromo-ester (IV) by incomplete 
hydrolysis with sodium carbonate, is a mobile liquid, b. p. 170— 
172°/14—15 mm., and when prepared from the bromo-ester can 
easily be separated from the accompanying lactonic acid by dis- 
tillation (Found: C= 556; H=7-2. C,H,.0, requires C = 
55°38; H = 7-:0%). 

y-Hydroxy- a-methylglutaric Acid (VI).—The salts of this acid are 
sae by the action of alkalis on the lactone, but attempts to 
regenerate the free hydroxy-acid led to the lactonic acid. The 
barium salt, prepared from the lactone and the theoretical amount 
of barium hydroxide, separated from a fairly concentrated solution 
in leaflets, which were dried at 120° (Found: Ba = 45-9. 
C,H,O;Ba requires Ba = 46-:2%). The silver salt was prepared 
from the barium salt (Found: Ag = 57-2. C,H,0;Ag, requires 
Ag = 57:5%). 

(C) Action of Concentrated Alkalis on the Monobromo-ester : 
Formation of the Lactones of «- and y-Hydroxy-«-methylglutaric Acid, 
a-Methyleneglutaric Acid, Normal «-Methylglutaconic Acid, cis- 
and trans-1-Methylcyclopropane-1| : 2-dicarboxylic Acid, Methyl- 
paraconic Acid, Methylenesuccinic Acid, Dimethylfumaric Acid 
and Pyrocinchonic Anhydride. 

The bromo-ester (105 g.) (Section A) was heated to 100° and 
poured into 500 c.c. of boiling 6N-methyl-alcoholic potassium 
hydroxide. The product was evaporated several times with water, 
acidified with hydrochloric acid, and distilled for a short time under 
diminished pressure. 
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Pyrocinchonic Anhydride (XX).—The distillate on extraction with 
ether yielded an oil the major portion of which distilled at 230— 
235° and then set to a mass of crystals, which, after crystallisation 
from ether—light petroleum, melted at 96° and were identified as 
pyrocinchonic anhydride (Found: C=56-7; H=5-0. Calc., 
C = 57-1; H = 48%). 

trans-1-Methylcyclopropane-1 : 2-dicarboxylic Acid (X).—The 
hydrochloric acid solution remaining after the distillation was 
evaporated under reduced pressure, and the organic acids were 
extracted from the dried residue with acetone. The residue from 
the acetone was shaken for 24 hours with an aqueous suspension 
of precipitated calcium carbonate, and the filtered solution con- 
centrated and allowed to crystallise. The calcium salts were 
collected, dissolved in just sufficient hydrochloric acid, and distilled 
in steam, until no more pyrocinchonic anhydride appeared in the 
distillate and until the residue no longer reduced cold alkaline 
permanganate. Since the pyrocinchonic anhydride had _ been 
previously removed from the original mixture, the further quantity 
obtained in this way was probably formed during the distillation 
from methylenemethylsuccinic acid (XVII, see below). On strongly 
acidifying and extracting with ether, the residue yielded fairly 
pure trans-ring acid, which, after crystallisation from acétone- 
benzene, formed stout prisms, m. p. i68° (Found: C = 49-7; 
H = 5-6. C©,H,O, requires C = 50:0; H = 5-6%). 

The ring-acid is remarkably stable towards alkaline permanganate, 
and it can be boiled in an open tube with only slight decomposition. 
On heating at 180° with acetyl chloride, it is converted into the 
anhydride of the cis-acid (q.v.). 

The calcium salt (above) formed small plates, which were dried 
at 120° before analysis (Found: Ca = 22:1. C,H,O,Ca requires 
Ca = 22:0%). The silver salt was prepared from the calcium salt 
(Found: Ag = 60-1. C,H,O,Ag, requires Ca = 60-3%). 

The di-p-toluidide, produced by boiling the acid with p-toluidine 
and washing the product with dilute hydrochloric acid, separated 
from alcohol in long needles, m. p. 255—260° (Found: C = 74:3; 
H =7-0. Cy9H.0.N, requires C = 74:5; H = 69%). 

Lactone of 1-Hydroxy-1-methylglutaric Acid (IX).—The filtrates 
from the calcium salts were worked up for organic acids, which 
were converted into their ammonium salts and thence into their 
silver salts. The latter were digested with an alcoholic solution 
of benzyl iodide, and the filtered solution was poured into water 
and extracted with ether. The residue from the ether was distilled 
up to 240°/15 mm., and the distillate hydrolysed with dilute hydro- 
chloric acid. The solution was then worked up for organic acids, 
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which were converted into their calcium salts by boiling with an 
excess of calcium hydroxide suspended in water. After 24 hours, 
the solution was filtered and the residue decomposed with the 
smallest possible excess of sulphuric acid. The filtrate from the 
calcium sulphate, on evaporation to a small bulk and extraction 
with ethyl acetate after the addition of hydrochloric acid, yielded 
a solid product, which, after crystallisation from ethyl acetate- 
ligroin, gave crystals, m. p. 71°, of the lactone previously described 
(Found: C = 50-2; H = 5-6%). 

Methylparaconic Acid (XV1).—The alkaline solution of calcium 
salts on evaporation to a small bulk yielded a salt which, on decom- 
position with hydrochloric acid, gave methylparaconic acid, m. p. 
104°; this was extracted with ethyl acetate and crystallised from 
ethyl acetate-ligroin. The substance had all the properties of 
methylparaconic acid, and it was identified by analysis (Found : 
C=49:9; H=5-6. Cale., C= 500; H=5-5%), conversion 
into pyrocinchonic anhydride, and into the bariwm salt of methyl- 
itamalic acid, which was prepared using an excess of barium hydr- 
oxide and dried at 120° (Found: Ba = 46-1. C,H,O,;Ba requires 
Ba = 46:2%). The ethyl acetate—ligroin mother-liquors yielded 
a further small quantity of the lactone, m. p. 71° (above). 

Lactone of y-Hydroxy-«-methylglutaric Acid (VII).—The most 
soluble calcium salts evidently still contained a little calcium 
methylitamalate, because on isolating the organic acids and dis- 
tilling under a short reflux a small amount of pyrocinchonic an- 
hydride was obtained. The residue from this distillation, on 
distillation without reflux and under reduced pressure, gave the 
lactone of y-hydroxy-«-methylglutaric acid (Found: C = 49-8; 
H = 5-6%), identical with that previously described. 

Dimethylfumaric Acid (XVIII).—The less volatile benzyl esters 
were hydrolysed as before and the recovered acid was boiled for 
some hours with acetyl chloride (6 parts). The product was 
distilled up to 150°/14 mm. in a current of dry air, and the less 
volatile portion boiled with water and animal charcoal. The 
solution, after filtering and concentrating, was neutralised with 
ammonia and treated with an excess of calcium chloride. After 
24 hours, the calcium salt was collected, and was proved to be that 
of the trans-cyclopropane acid. The filtrate on boiling yielded 
another calcium salt, that of dimethylfumaric acid, which was 
isolated and crystallised from water, m. p. 240° (Found: C = 
49-8; H=5-5. Cale., C= 50:0; H =5-6%). It was identified 
by conversion into dimethylmaleic anhydride. 

Normal «-Methylglutaconic Acid (XIII).—The volatile anhydrides 
were shaken for a few seconds with cold dilute sodium carbonate, 
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and the acids were regenerated from the aqueous layer. The acid 
so obtained, which was purified by crystallisation from concentrated 
hydrochloric acid, was identified by its m. p., 142°, by analysis 
(Found: C= 50-1; H=5-7. Calc., C= 50-0; H = 5-5%), and 
by direct comparison with a genuine specimen as the less fusible 
form of «-methylglutaconic acid. 

Methylenemethylsuccinic Acid (XVII).—The neutral anhydrides 
were boiled with sodium hydroxide and the neutralised solution 
was treated with calcium chloride. The sparingly soluble calcium 
salt was collected and converted into the free acid, which was 
crystallised from water and from ethyl acetate-chloroform, and 
identified by its melting point, 151°, analysis (Found: C = 49-9; 
H = 5:8. Calc., C = 50:0; H = 5-5%), and properties as methyl- 
enemethylsuccinic acid. 

cis-1-Methyleyclopropane-1 : 2-dicarboxylic Acid (XI).—The 
soluble calcium salts were crystallised in three approximately equal 
fractions, from each of which the acids were regenerated. The 
first fraction gave nearly pure cis-ring acid, and a further quantity 
was obtained from the mixture of acids regenerated from the second 
fraction by crystallising from benzene-acetone. The acid crystal- 
lises from mixtures of these solvents in dense prisms, m. p. 142°; 
the fused acid evolves water vapour at about 160° and gives 
the anhydride (Found: C= 49-8; H=5-6. C,H,O, requires 
C= 50:0; H =5-5%). On heating with hydrochloric acid, it is 
partly converted into the trans-acid. 

The anhydride (XII), which may be obtained either by heating 
the trans-acid with excess of acetyl chloride at 180° for 3 hours, 
or by boiling the cis-acid with ‘acetyl chloride, or by heating the 
cis-acid at 160° in an open tube, is a colourless, mobile liquid, 
b. p. 154—157°/19—20 mm. (Found: C=569; H=5-0. 
C,H,O, requires C = 57:1; H =4-8%). It is insoluble in cold 
sodium hydrogen carbonate, but soluble in boiling water or alkalis, 
giving the cis-acid or its salts. 

a-Methyleneglutaric Acid (XIV).—This acid was obtained from 
the most soluble calcium salts, and, mixed with the cis-ring acid, 
from the intermediate fraction. It was purified by crystallisation 
from benzene-acetone, and identified by its m. p. (130°), analysis 
(Found: C = 503; H=5-6. Cale., C = 50-0; H = 55%), and 
properties. 


These experiments were commenced at the Imperial College of 
Science and Technology, and part of the cost of the material used 
was defrayed with the aid of a grant from the Chemical Society. 


[Received, December 11th, 1924.] 
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LXI.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XXIV. 
Further Experiments on the Walden Inversion. 


By JosEePH KENYON, HENRY PHILLIPS, and HAROLD GEORGE TURLEY. 


In Part XVII (J., 1923, 123, 44) of these investigations, it was 
shown that the p-toluenesulphonate of d-benzylmethylcarbinol 
reacts in alcoholic solution with potassium acetate to form a levo- 
rotatory benzylmethylcearbiny] acetate the rotatory power of which 
indicates that inversion of configuration to the extent of 98-7% 
has taken place. In this new type of Walden inversion the change 
of configuration, remarkable for its completeness, occurred during 
a single chemical reaction, and hence the reactions of sulphonic 
esters of optically active hydroxy-compounds should prove an 
eminently suitable means of investigating the obscure phenomena 
included in the term Walden inversion. 

In order to compare the configurative changes which occur during 
the reactions of the p-toluenesulphonate of an «-hydroxy-acid with 
those which are known to occur during the reactions of other—especi- 
ally halogen—derivatives of these compounds, a study has been made 
of the reactions of ethyl ‘ d ’’-«-p-toluenesulphonoxypropionate.* 

This sulphonate reacts readily in alcoholic solution with potassium 
salts of carboxylic acids. When potassium acetate or phenylacetate 
was used, inversion analogous in degree to those described in 
Part XVII was obtained, but the use of potassium benzoate led to 
the formation of the benzoyl derivative of ethyl “/’’-lactate with 
a rotatory power of opposite sign but of equal magnitude, within 
the limits of experimental error, to that of the benzoyl derivative 
of ethyl ‘‘ d’’-lactate prepared by the action of benzoyl chloride on 
the same specimen of ethyl “‘d’’-lactate as that from which the 
p-toluenesulphonate had been obtained. These reactions may be 
represented as follows :— 

“e d 2? rm ce d 99 
(,Hy'S0,C1 
n0,0>°C<OH ram” ~—-B10,0°C<0.80,0,H, 
[a]? + 11-°16°. ‘Taher + 45°60°. 


| 0,H,"COCI f 0,H,°CO,K 


‘ec d 99 ce l 93 
CH, .0:C0-C,H; 
EtO 0,0>°C<O. -CO-C,H; Et0,67C<H 
[apr — 24°60°. [a]2” + 24-56°. 
* Throughout this paper, levorotatory lactic acid is assumed to be dextro in 
configuration and the signs ‘‘d”’ and “‘/” are used to represent configurations. 
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Now it is reasonable to assume that, in the preparation of the 
ethyl “‘ d’’-«-p-toluenesulphonoxypropionate by the interaction of 
ethyl ‘‘d’’-lactate and p-toluenesulphonyl chloride in pyridine 
solution, no change of configuration occurs, since the reaction 
involves merely the replacement of the hydrogen of the hydroxyl 
group and thus disturbance of the valencies of the asymmetric 
carbon atom is unlikely. 

For the same reason it can be assumed that benzoyl chloride 
reacts with ethyl “d’’-lactate without producing configurative 
change, and hence it follows that the complete inversion of con- 
figuration observed occurs at the second stage of the process, 
namely, during the interaction of the potassium benzoate and 
ethyl ‘‘d’’-«-p-toluenesulphonoxypropionate. Thus an “ abnor- 
mal’ reaction unaccompanied by any side reaction has been 
demonstrated for the first time. 

The results are tabulated below :— 


Rotatory power, [a], of the 
product formed by the inter- 
action of : 


Acid chloride Amount of 
and ethyl Potassium salt inversion. 
Acyl product. “d”-lactate. and sulphonate. i 
Ethyl a-benzoyloxypro- 
pionate — 24-60° +- 24-56° 100 
Ethyl a-phenylacetoxy- 
propionate . +38-54 —37-61 99 
Ethyl a-acetoxypropionate ... +51-54 — 47-63 96 


The mechanism of such reactions has been discussed in Part X VII 
and, stated briefly, the conclusion drawn was that they were 
initiated by the addition of the salt, through the carbonyl oxygen 
atom of its carboxyl group, to the asymmetric carbon atom which 
had been rendered unsaturated by the mutual interaction of the 
a-hydrogen atom and the p-toluenesulphonoxy-group. Such a 
mode of interaction is considered applicable to the reactions 
described above. Further, it is not considered likely that the 
small loss of rotatory power which accompanied the preparation of 
the acetate and phenylacetate is due to “ catalytic ’ racemisation, 
but that it arises through the occurrence of a concurrent direct 
reaction which does not result in configurative change of the 
molecule (compare Senter, Drew, and Martin, J., 1918, 113, 151, 
and, in a slightly different connexion, McKenzie and Clough, J., 
1910 97, 1017; Holmberg, Arkiv Kem. Min. Geol., 1916, No. 8, 6). 

The fundamental question then arises as to what determines the 
relative proportions of each type of reaction. To this the experi- 
mental results so far obtained do not give a definite answer. As 
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far as can be seen, however, variation within moderate limits in 
the constitution of the ester portion of the sulphonate molecule 
does not materially affect the relative proportions of the direct and 
indirect displacements. It seems probable that, under the experi- 
mental conditions used, the unsaturated nature of the CO,K group 
of potassium acetate and more especially of potassium benzoate 
may be the main factor which favours the indirect reaction. 

The p-toluenesulphonyl! derivative of ethyl lactate reacts with 
lithium chloride, sodium bromide, or potassium iodide in alcoholic 
solution according to the general equation : 


CH,*CH(0-S0,-C,H,)-CO,Et + MX = 
CH,-CHX-CO,Et + MO-SO,°C,H,. 


The results are tabulated below, the first column giving the 
rotatory power, [a«]}’, of the ethyl lactate from which the sulphonate 


was prepared. 
Obs. rot. of 
product. * 
[a}7* MX. Ester obtained. Yield %. l = 100. 


— 7:-26° LiCl a-Chloropropionate. 87 a?" +3-02° 
-+11-29 NaBr a-Bromopropionate. 94 ai® —0-80 
+11-29 KI a-Iodopropionate. 100 a2” — 0-20 
* All observed rotations recorded in this paper are for 100 mm., except 
where otherwise indicated. 


In all three cases a change of sign takes place, but the great loss 
of rotatory power which occurs is in marked contrast to the small 
loss which takes place during the preparation of the acyl derivatives, 

Whilst the increase in the proportion of the direct reaction 
cannot be easily explained by the assumption that both the direct 
and the indirect displacement reaction are “ionic ”’ in character, 
it does seem to indicate that the nature of the ionised salt (in 
these cases halides instead of carboxylates) plays an important part. 

By the interaction of magnesium phenyl bromide and ethyl 
p-toluenesulphonate (Ferns and Lapworth, J., 1912, 101, 273) and 
8-chloroethyl p-toluenesulphonate (Gilman and Beaber, J. Amer. 
Chem. Soc., 1923, 45, 839), ethylbenzene and 8-chloroethylbenzene, 
respectively, have been obtained in small yield. 

A similar reaction, carried out with the -toluenesulphonyl 
derivative of optically active ethyl lactate, gave, not the expected 
«-phenylpropionic ester, but «-bromopropionic ester in good yield 
and having a high rotatory power. In view of the surprising 
nature of this result, a hitherto undescribed type of reaction, the 
action of other Grignard reagents on the sulphonate has been 
investigated, with the following results («?° denotes the rotation 
of the ethyl lactate from which the sulphonate was prepared) :— 

VOL. CXXVII. P 
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MgR:X a CH,°CH(0-SO,°C,H,)-CO,Et => 
CH,°CHX-CO,Et + R-MgO-SO,°C,H,. 
Rotation 
a, Reactant. Product. of product. 
—6-94°*  EtO-Mgl CH,CHI-CO,Et a” +1-88° 
MgEtBr CH,CHBr-CO,Et a’ +17-80° 
MgPhBr ne a" + 15-84° 

* Phosphorus pentabromide reacts with the same sample of ethyl lactate 
to give a-bromopropionic ester with a2” + 20-6°. 

The action of alkylating reagents on the p-toluenesulphonyl 
derivative of ethyl lactate was attended by marked loss of rotatory 
power; on the contrary, the action of sodium phenoxide did not 
involve loss of rotatory power to the same extent. 


Reactant in Ethylester Rotation 


ethyl alcohol. formed. of product. 
i. Sulphonate from ethyl a-Ethoxy- 
lactate, a?” 11-52°. NaOEt propionate +0° 
ii. Sulphonate from ethyl a-Ethoxy- 
lactate, a?” —6-94°. K,CO, propionate a” — 8-7 
iii. Sulphonate from ethyl a-Phenoxy- 
lactate, a2 + 11-52°. NaO-C,H,; propionate a?” — 14-56 
iv. Sodium derivative from a-Ethoxy- 


ethyl lactate, a?” +11-52° EtO-SO,-C,H, propionate a+ 1-94 


It is suggested that the formation of ethyl «-ethoxypropionate 
in experiments (i), (ii), and (iv) is accompanied by the double 
decomposition of the reactants according to the following scheme, 


ea 


CH H H —_ 
Et0,€°C<|0;-80,-C,H, + EtO|{Na == a 
Et|O|SO,°C,;H, + Bt0,C°C<0|:Na 
ethy] ‘‘/’’-2-ethoxypropionate 


ethyl “‘d”’-a-ethoxypropionate 
in which the dotted arrows indicate the points of dissociation when 
double decomposition occurs, whilst the normal arrows indicate the 
points of interaction which lead to the formation of ethyl «-ethoxy- 
propionate. It will be seen that ethyl «-ethoxypropionate may be 
produced by the substances on the left-hand side of the scheme 
with inversion of configuration, whilst its production from those 
on the right-hand side is unlikely to be attended with configurative 
change. It is therefore to be expected that the ethyl «-ethoxy- 
propionate obtained, using either ‘ d ’’-«-p-toluenesulphonoxy- 
propionic ester and sodium ethoxide or ethyl p-toluenesulphonate 
and the sodium derivative of ethyl “d’’-lactate, will be of low 
rotatory power. A further cause of loss of rotatory power in 


1 


t 


le 


Va 
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experiment (iv) is to be found in the racemisation which occurs 
when ethyl “ d ”’-lactate is treated with sodium. Racemisation may 
also occur in the other experiments owing to the formation of the 
sodium derivative of ethyl lactate as indicated in the above scheme. 
The high rotatory power of the phenyl ether produced in experi- 
ment (iii) can be accounted for by using the above suggestion. 


“ce d ”? 
EtO 0,0°°<0)-80,C,H, a oe “a 


{ CgH5°0jS0,C7H; + mo 0,0>°<O Na 
ethyl ‘1 ”’-a-phenoxypropionate 


In this instance, the compounds on the right-hand side of the 
scheme do not react to produce ethyl «-phenoxypropionate, since 
under the experimental conditions employed, phenyl p-toluene- 
sulphonate cannot rupture at its O—C linking, a possibility which 
was foreseen by Ferns and Lapworth (Joc. cit.), and proved experi- 
mentally in Part XVII of these investigations. Hence the ethyl 
a-phenoxypropionate arises solely through the interaction of the 
“dq ”’-a-p-toluenesulphonoxypropionate and sodium phenoxide and 
is therefore more likely to be isolated in a state of optical purity. 

A series of experiments on the hydrolysis of a levorotatory ethyl 
«-p-toluenesulphonoxypropionate was also carried out and the 
results are tabulated below. 


Rotation, a’, Approxi- 
of the ethyl Hydrolytic mate 
lactate from agent percentage 
which the acting on Final Rotation _ loss of 
sulphonate ‘the products * of rotatory 
was prepared. sulphonate. Solvent. (ethylesters). products. power. 
1, —7-26° NaOH Water Lactate a — §-3° 30 
2. os ¥ Ag,O es ja a — 5-84 20 
3. - KOH Alcohol (i) Lactate a2” — 19-56 40 
(1 part) (as acetate) 
(ii) Ethoxy- 
propionate a”— 14:00 80 
(2 parts) 
4, —6-94 K,CO, = (a) Ethoxy- a — 8-72 90 
propionate 
(1 part) 
(6) Lactate + ¢ 90 


(2 parts) yA acetate) 

* The products were obtained in the form of their salts with the bases 
employed. These were re-esterified, using ethyl p-toluenesulphonate, whilst, 
in 3 and 4, acetylation of the ethyl lactate was necessary in order to afford 
means of separating this compound from the ethyl a-ethoxypropionate 
simultaneously produced. 

¢ This reaction was carried out on a-p-toluenesulphonoxypropionic acid 
prepared from ethyl lactate of the rotatory power indicated. P 

r 
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In reality, the experiments were hydrolyses of the silver 
and potassium salts of “‘/’’-«-y-toluenesulphonoxypropionic acid 
in the presence of a molecular proportion of the hydrolytic 
reagent. 

The reagents employed were ideally suited to promote the dis- 
ruption of the sulphonic ester at its O—S linking, and hence without 
inversion of configuration, but it is important to notice that the 
interchange in this instance is irreversible. 


Reg 9? 


mM 


pox + 2HO-S0,°C,Hy. 


Moreover, it must be remembered that this view of the reaction 
is in no way opposed to the mode of interaction of sulphonic esters 
described in Part XVII; the reaction arises in a similar manner to 
the direct reaction and takes an alternative course. The indirect 
reaction which produces configurative change of the molecule may 
thus be completely overshadowed by the combined effects of the 
direct and the hydrolytic reaction. There are, however, other 
factors which influence the sign of rotation of the ethyl lactate 
produced, for it has been shown by Senter and Bulle (J., 1912, 
101, 2528) and Senter and Ward (ibid., p. 2534) that during the 
hydrolysis of sodium «-bromopropionate by water and alkalis two 
molecules of the salt interact to form an intermediate compound 
which suffers subsequent hydrolysis. Such a reaction is exceedingly 
probable in the case of potassium «-p-toluenesulphonoxypropionate. 


se 39 ; 
ae’ ® 9 
KO, Oa>C<e $0,-C,H, + K0.C-CH(0-S0,°C;H,)CH, —> 
&¢ q- 9 


“ec 9? 


KO, 0,6>C<6.co- = 0-SO,°C,H, 


It follows that in this reaction the molecule which loses its 
p-toluenesulphonoxy-radical may be inverted in configuration, and 
the subsequent hydrolysis of the complex would then yield a 
molecule of potassium lactate of the opposite configuration to that 
of the sulphonic ester. In experiment (3), where the conditions 
may be considered favourable for such an interaction, the “ race- 
misation ”’ is greater, whilst in experiment (4), where the formation 
of the potassium salt in small amount was observed and where 
conditions are ideal for an indirect reaction between two molecules 


an > tf 1353 @3 e& 2 


OR o& 
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of this salt, ethyl ‘‘d”’-lactate was obtained of opposite sign of 


rotation (and configuration) to that of the sulphonate employed. 

The formation in experiments 3 and 4 of ethy] «-ethoxypropionate 
without change of sign taking place is noteworthy. It doubtless 
arises through the formation of potassium ethoxide by the inter- 
action of potassium hydroxide and the solvent alcohol (compare, 
inter alios, Senter and Wood, J., 1916, 109, 681), which would give 
rise to reactions as described on p. 402. 

Another possibility, however, must be entertained. From an 
investigation of the interaction of sodium ethoxide and sodium 
a-bromopropionate in ethyl-alcoholic and in aqueous ethyl-alcoholic 
solutions, Senter and Wood (loc. cit.) conclude that the inter- 
mediate compound CH,°CH(O-CO-CHBrCH,)-CO,Na is produced 
by the interaction of two molecules of the salt. This, however, in 
presence of sodium ethoxide decomposes into sodium «a-ethoxy- 
propionate and sodium «-bromopropionate. The formation of 
sodium «-ethoxypropionate in an analogous manner may occur 
also in the experiments under discussion, and, since optically active 
ethyl «-p-toluenesulphonoxypropionate was used, may influence in 
some at present unforeseen manner the sign of rotation of the 
products. 


The Relative Configurations of the Derivatives of Levorotatory Lactic 
Acid. 


It is suggested that the mode of interaction of the p-toluene- 
sulphonyl derivative of ethyl “ d”’-lactate arises directly from one 
factor, namely, that the “ key ” atom of the p-toluenesulphonoxy- 
radical is the ester oxygen atom. Under the particularly mild 
conditions used in the reactions described, the remaining portion of 
this group, C,H,°SO,-, is a closed and unreactive system; the 
-SO,- portion in particular merits this description, since it can 
be assumed to have that self-sufficing character which it is known 
to possess in the sulphones. 

It is believed that this concentration of reactive power, either 
actual or potential, in one atom provides a possible explanation of 
the strong resemblance which exists between the general reactions 
of p-toluenesulphonic esters and organic esters of the halogen acids. 
The “ key ” atom in organic halides is the halogen atom itself, but 
the concentration of reactivity in both classes of compounds in one 
atom is not of itself sufficient to account for the similarity observed 
between them. It is suggested, further, that the reactive atom of 
the halogen compound, as was postulated also in the case of 
p-toluenesulphonic esters, exerts its residual affinity in the direction 
of the «-hydrogen atom and in this way causes the carbon atom to 


406 KENYON, PHILLIPS, AND TURLEY: INVESTIGATIONS ON 


become unsaturated. Consider ethyl a-bromopropionate as an 
example : 


C H, fy 
Ec 0. ' 


This diagrammatic representation illustrates, on this hypothesis, 
the condition of an ethyl «-bromopropionate molecule immediately 
preceding interaction. It is, from a qualitative point of view, 
exactly the same as that suggested in the case of the p-toluene- 
sulphonate, and it is postulated that it will interact with the salts 
of the alkalis in an identical manner. 


A, D=6-CH, C. 
Pgen, or “CH, 


Bc see 
*Br-K ace + KBr 


Et 0,C Et 0,C £ 0,C H 


A, B, and C indicate three of the stages in the gradual transition 
of an ethyl «-bromopropionate molecule into ethyl acetoxypropionate 
by interaction with potassium acetate. As in the case of the 
p-toluenesulphonic ester, since addition of the potassium acetate 
must occur on the “ quadrant ”’ of the asymmetric carbon atom 
to which the «-hydrogen atom was attached, inversion of the 
configuration of the molecule will result. Similarly, a direct 
reaction can be postulated, passing through a gradual series of 
changes, of which the three following stages can be visualised— 


CH H CH, _¥H 


£4 KO.OC.CH, as 
en aC 


K 
Ev O,C Ev 0C O.CO.cH, Et Oc 0.C 0.CH, 


Now it has been shown with a high degree of probability that 
the p-toluenesulphony] derivative of ethyl ‘‘d’’-lactate reacts with 
potassium acetate with inversion of 98% of the active molecules 
participating in the reaction. It is conceivable that the sub- 
stitution of a bromine atom for an atom of such degree of unsatur- 
ation as the ester-oxygen atom of a p-toluenesulphonoxy-radical is 
presumed to possess, may alter the ease with which the compound 


assumes an “active ”’ condition. It will thus alter the degree of 


residual affinity of which the asymmetric carbon atom becomes 
possessed and hence the relative proportions of the direct and the 
indirect reaction. 

It is, however, considered likely that, in a similar reaction under 
the same experimental conditions, the percentage of molecules of 
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ethyl «-bromopropionate or of ethyl «-p-toluenesulphonoxy- 
propionate inverted would be of the same order. 

Such reactions are those between potassium acetate and the 
p-toluenesulphonyl derivative of ethyl “‘d’’-lactate on the one 
hand, and ethyl «-bromopropionate on the other. Both these 
esters are soluble in alcohol, and their interaction with potassium 
acetate leads to the separation from the alcoholic solution of 
potassium p-toluenesulphonate and of potassium bromide, the 
solubilities of which in alcohol are approximately equal. It is 
found that levorotatory ethyl «-bromopropionate yields dextro- 
rotatory ethyl acetoxypropionate, i.c., of the same sign of rotation 
as that obtained from ethyl “/ ’’-p-toluenesulphonoxypropionate : 


sé aes 6é d 29 == ia 
Hg CH,'00,K Hy OH,CO;K Hs 
CH-O-SO,°C,H, 98 CH-0-CO-CH; <—2— CHBr 
% - 75% | 
CO,Et inverted CO,Et inverted * CO,Et 


* In the 25% loss in rotatory power is included the loss which may occur 
during the preparation of thé ethyl ‘“ / ’’-bromopropionate. 


According to this suggestion, it follows that ethyl “/’’-«-bromo- 
propionate has the same configuration as the p-toluenesulphonyl 
derivative of ethyl “1 ”’-lactate and consequently as dextrorotatory 
lactic acid. Assuming this conclusion to be correct and incor- 
porating certain results obtained by other workers, the reactions 
of the derivatives of lactic acid can be represented by the following 
scheme : 

delactic acid 


> ‘ia 0, 
ev dlactic ester £04 
as CoM i > °° ° a 
d-sulphonate Ost 2 —s > FesPromperogjonic 
. .or 
K0,C.CH, ’ KO,C.CH, 


d-acetoxy- ester d-acetoxy-ester 


a oe ie 420. , 
lactic acid d-lactic acid 
1 Fischer, Ber., 1907, 40, 489. 2 Walker, J., 1895, 67, 914. 


This scheme suggests that the action of magnesium ethyl bromide 
on the sulphonic ester is an indirect reaction, accompanied by 
inversion of configuration. This is in agreement with the view 
that the reactions of Grignard reagents are preceded by addition, 
and in the present instance this may be regarded as occurring at 
the asymmetric carbon atom when the sulphonic ester is in its 
“ active ’’ condition. 

The p-toluenesulphonyl group itself, when associated with an 
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aromatic nucleus, has been shown to be inert towards Grignard 
reagents (Ferns and Lapworth, loc. cit.). 

That sulphonic esters are hydrolysed by caustic potash without 
inversion of configuration whilst the hydrolysis of «-bromopropionic 
acid by the same reagent results in configurative change, is doubt- 
less due to the ability of the sulphonic esters to break at the O—S 
linking (p. 404). «-Bromopropionic acid can suffer hydrolysis only 
between its bromine and asymmetric carbon atoms, and hence 
every molecule which suffers hydrolysis can undergo inversion of 
configuration if the conditions are favourable. It must be remem- 
bered, also, that Senter and others have conclusively proved that 
during such hydrolysis interaction occurs between two molecules 
of the potassium salt of the acid. Should this result in inversion 
of configuration of one of the molecules of each pair which react, 
then, if such interaction is considerable, it may determine the sign 
of rotation of the ultimate product. 

Gadamer (Chem. Zitg., 1910, 34, 1004; 1912, 36, 1327) has 
suggested that the action of silver oxide.on «-bromopropionic acid 
is attended with inversion of configuration, but his conception of 
the reaction suggests the possibility of profound racemisation such 
as is not found experimentally. Biilmann (Annalen, 1911, 388, 
338) is of the opinion that the action of silver ions on «-bromo- 
propionic acid is unaccompanied by change of configuration, a 
conclusion in agreement with the above scheme, and also with the 
possible mode of interaction of organic halides suggested herein. 

That caustic potash and phosphorus pentabromide may cause 
inversion of configuration of the compounds with which they react 
are conclusions previously expressed by Armstrong (J., 1896, 69, 
1399) and by Frankland (J., 1913, 103, 713) after a comprehensive 
survey of the experimental data then in existence. 

They are in direct opposition, however, to those of Clough (J., 
1918, 113, 526), whose conclusions are based on the assumption 
that the rotatory powers of compounds, which possess similar 
constitutions and the same configuration, would be modified in a 
regular manner by such influences as the following—temperature, 
solution, introduction of substituents—in each case with as wide a 
variation as is experimentally available. Whilst his collection of 
data relating to series of hydroxy-acids, amino-acids, and halogen- 
ated acids is in each separate case so varied and extensive as to 
fulfil the postulate that a comparison should be made over a wide 
range of external conditions, yet the data by which the relative 
configurations of the three groups of acids are fixed are, perhaps, 
insufficient for definite conclusions to be drawn. 

The application of the conclusions of Clough to the data given in 
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this communication demands that p-toluenesulphonyl derivatives 
should be organic compounds of an almost unique type, since they 
alone would be deemed capable of forming derivatives such as 
ethoxy-, phenoxy-, bromo-, iodo-, chloro-, acetoxy-, and benzoyloxy-, 
accompanied by configurative change of the molecule. The reasons 
for considering this view improbable are given earlier in this paper. 

Further, all the suggestions advanced must not be considered 
applicable, without modification, to acids which have a phenyl 
group directly attached to the asymmetric carbon atom, since the 
work of McKenzie, Clough, and others has shown effectively that 
the behaviour of such acids may differ from that of acids of purely 
aliphatic character. 


The Configurational Relationships of Dextrorotatory a-p-Toluene- 
sulphonoxypropionic Acid, Levorotatory Lactic Acid, and their 
Esters and Amides. 


The opportunity was taken to augment the existing data con- 
cerning the rotatory powers of derivatives of lactic acid, and to 
study the effect of temperature, concentration, and the presence of 
inorganic salts on the rotatory powers of the compounds prepared, 
since Clough (loc. cit.) finds that a change in the external conditions 
alters the optical rotatory power of a hydroxy-acid in the opposite 


direction to the alteration produced by the same change in the 
rotatory powers of its derivatives obtained by replacing the hydrogen 
atom of the hydroxyl group by another grouping. As an example, 
the presence of sodium bromide lowers the rotatory power of a 
methyl-alcoholic solution of dextrorotatory ethyl tartrate, whereas 
it increases the rotatory power of a similar solution of diacetyl- 
tartaric acid. Further, Patterson and Forsyth (J., 1913, 103, 
2263) have shown that, whereas the rotation of dextrorotatory 
methyl lactate in the homogeneous condition is perceptibly 
increased by a rise in temperature, the dextrorotatory power of 
methyl acetoxypropionate is thereby slightly decreased. From a 
study of certain optically active acids and amides of the sugar 
series, Hudson (J. Amer. Chem. Soc., 1918, 40, 813) has postulated 
that all hydroxy-acids which give dextrorotatory amides and 
hydrazides have the same configuration as the “ d’’-series of acids, 
i.e., a8 levorotatory lactic acid. 

When these general principles are applied as in Table I, it will 
be seen that the conclusion previously stated, that dextrorotatory 
ethyl «-p-toluenesulphonoxypropionate has the same configuration 
as dextrorotatory ethyl lactate, is completely confirmed. 

It was suggested by Wood, Such, and Scarf (J., 1923, 123, 600) 


that the complex rotatory dispersion of the esters of lactic acid 
p* 


410 KENYON, PHILLIPS, AND TURLEY: INVESTIGATIONS ON 


TABLE I. 
p-Toluene- 
Acetoxy- sulphonoxy- 
propionic propionic 
Lactic acid. acid. acid. 

Sign of rotation of the acid. Negative. Positive. Positive. 

Sign of rotation of the ethyl Positive. Positive. Positive. 
ester. 

Effect of sodium bromide Decreased. Increased. Increased. 
on the rotation of the 
acid dissolved in methyl 
alcohol. 

Effect of rise of tempera- Increases the Small de- Very small de- 
ture on the rotation of dextro- crease in crease in dex- 
the ethyl ester. rotation. dextrorota- trorotation. 

tion. 

The character of the optical Complex. (Not deter- Simple. 
dispersive power of the mined.) 
ethyl ester. 

Sign of rotation of the Positive.*. -—- Positive. 
amide. 


* Freudenberg, Brauns, and Siegel, Ber., 1923, 56, [B], 193. 


is due (a) to their persistent low rotatory powers, (b) to the 
influence of the hydroxyl group attached to the asymmetric carbon 
atom. The rotatory power of ethyl “d’’-«-p-toluenesulphonoxy- 
propionate was determined over a large range of temperature and 
for light of several wave-lengths. Under the experimental con- 
ditions tried, it exhibited simple rotatory dispersion in marked 
contrast to the complex rotatory dispersive power shown by ethyl 
“d”’-lactate. It is remarkable that this complexity of rotatory 
dispersion of ethyl ‘‘d’’-lactate should disappear when the p- 
toluenesulphonyl group is substituted for the hydrogen atom of 
the hydroxyl group attached to the asymmetric carbon atom. 


EXPERIMENTAL. 


The “ d”’-lactic ester used in this work was obtained by resolving 
dl-lactic acid by means of the morphine salt (Patterson, J., 1913, 
103, 2263), and subsequent esterification. Several methods have 
been described for the preparation of ethyl lactate, but, owing to 
its solubility in water and to the great ease with which it undergoes 
hydrolysis, especially in presence of traces of alkali, its preparation 
in a state of purity is rendered somewhat tedious and difficult. 
The recorded rotatory powers of ethyl “d”’-lactate vary within 
wide limits, a result which has been shown by Purdie and Williamson 
(J., 1896, 69, 818) to be due to the simultaneous formation, during 
the silver-salt esterification process, of ethyl «-ethoxypropionate, 
which has almost the same boiling point as ethyl lactate. Sodium 
lactate has now been easily converted into pure ethyl lactate by 
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means of ethyl p-toluenesulphonate in yields of over 80% of the 
theoretical, without the formation of by-products. 

Ethyl ‘“d’”-lactate was prepared as follows: The aqueous 
solution of ammonium “d”’-lactate obtained by the decomposition 
of moist morphine ‘“d’’-lactate (418 g.) was mixed with sodium 
carbonate crystals (140 g.) and evaporated to a thick syrup of 
sodium ‘‘ d’’-lactate, which was extracted with hot absolute alcohol 
(300 c.c.). The hot extract was heated with ethyl p-toluene- 
sulphonate (200 g.) under reflux for 3 hours, cooled, and mixed with 
anhydrous ether (300 c.c.). After removal of the abundant pre- 
cipitate of sodium p-toluenesulphonate and of the solvents, a 
further quantity of anhydrous ether was added to the residue to 
precipitate the remaining sodium p-toluenesulphonate. 

After removal of the ether, the residue was twice distilled, when 
80 g. of pure ethyl ‘‘d’”’-lactate were obtained, b. p. 50°/10 mm., 
d* 1-0345, ni%, 1-4157, nj, 1:4176. It showed af + 5-84° 
(1 = 50 mm.), whence [a]? + 11-29°, a value which is in excellent 
agreement with that obtained by Wood, Such, and Scarf (J., 1923, 
123, 600); these authors prepared the ester from zinc ammonium 
“d’”’-lactate by Purdie and Williamson’s method (loc. cit.). 

Ethyl “‘ d ”’-«-p-toluenesulphonoxypropionate, 

CH,°CH(O-SO,°C,H,)-CO,Et, 
is readily prepared in good yield by adding p-toluenesulphonyl 
chloride (42 g.) to an ice-cold mixture of ethyl “ d’”’-lactate (26 g.) 
and pyridine (26 g.). After 12 hours, water is added, and the mixture 
worked up in the usual way. The sulphonic ester distils without 
decomposition at 164—166°/0-5 mm. ; it is a viscous, heavy, highly 
refractive, colourless oil which could not be induced to solidify. 

0-2862 required 0-0835 of sodium hydroxide for complete hydro- 
lysis. Cale. 0-0842. 

The determinations of density and of optical rotatory power are 
given in Table IT. 

The sulphonic ester was not distilled prior to its use in the 
following experiments. The very small amount of low-boiling 
material which the crude ester contained was, however, removed 
by gentle heating in a vacuum. 

If the solution of ethyl “d’’-lactate in pyridine was allowed to 
become warm during the addition of the sulphonyl chloride, or if 
the mixture of pyridine hydrochloride and “‘ d ’’-«-p-toluenesulphon- 
oxypropionate produced remained in contact for longer than 12 
hours, this substance of low boiling point was obtained in larger 
quantities. On investigation, it proved to be levorotatory ethyl 
«-chloropropionate. It had b. p. 41°/14 mm., d® 1-072, ni¥ 
1-4166, and al? — 15-04°. 

p*2 
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Similarly from levorotatory ethyl lactate, [«]}’ — 7-26°, dextro- 
rotatory chloropropionic ester, «lf + 10-10°, was obtained (compare 
p. 413). 

Ethyl «-p-toluenesulphonoxypropionate can also be prepared by 
the interaction of the sulphonyl chloride and the potassium deriv- 
ative of ethyl lactate, 

CH,°CH(OK)-CO,Et + C,H,-SO,Cl = 

CH,°CH(0-SO,°C,H,)°CO,Et + KCl, 
but in this case the yields are small, and, in addition, the product 
is completely racemised. 

““d ”-«-p-Toluenesulphonoxypropionic acid was readily prepared 
by shaking together ethyl ‘‘ d ’’-«-p-toluenesulphonoxypropionate 
(10 g.), baryta (7 g.), and water (200 c.c.). After } hour, the clear 
solution was acidified and the precipitated oil extracted with ether. 
After removal of the solvent, the residue set to a crystalline mass, 
m. p. 108°. Yield 93%. When crystallised from a mixture of 
benzene and light petroleum, the acid softened at 105° and melted 
at 108°. 

0-2940 required 0-0963 of sodium hydroxide for complete hydro- 
lysis, the theoretical amount being 0-0964. 

0-6480 required 0-1063 of sodium hydroxide for neutralisation ; 
equiv. = 241. Calc. for Cj 9H,,0,S, 244. 

The determinations of rotatory power are given in Table II. 

“d ”-a-p-Toluenesulphonoxypropionamide was obtained by vigor- 
ously shaking together for 1 hour a mixture of ethyl d-«-p-toluene- 
sulphonoxypropionate (4 g.) and ammonium hydroxide (d 0-88; 
50 c.c.) and filtering off the snow-white crystals. The amide 
crystallises from hot water in fine, silky needles, m. p. 105—106° 
‘Found: N = 5-6. C,)H,,0,NS requires N = 5-76%). 


Reaction between Ethyl “‘ d ”’-«-p-Toluenesulphonoxypropionate and 
the Potassium Salts of Carboxylic Acids. 


Ethyl-“‘ d”’-«-Benzoyloxypropionate.*—A mixture of ethyl “d”- 
p-toluenesulphonoxypropionate (10 g.), potassium benzoate (12 g.), 
and absolute alcohol (50 c.c.) was heated under reflux for 12 hours. 
The benzoyl derivative, obtained by pouring the product into 
water and extracting the oil with ether (yield almost quantitative), 
had b. p. 153°/12 mm., d% 1-112, ni, 1-5006, «% + 13-65° 
(1 = 50 mm.), whence [a]? 24-56°. 

Ethyl ‘‘1’’-«-benzoyloxypropionate, prepared, for purposes of com- 
parison, by the interaction of benzoyl chloride and ethyl “d”’- 


* This ester and the others described were fractionated until subsequent 
redistillation left their rotatory powers unaltered. 
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lactate, distilled at 149°/10 mm. and had d? 1-114, n¥ 1-4973, 
nis 15010, «% — 13-70° (1 = 50 mm.), whence [«]f”’ — 24-60°. 

Ethyl “1”-«-Phenylacetoxypropionate.-—A mixture of ethyl “d’”’- 
p-toluenesulphonoxypropionate (5 g.), freshly-fused potassium 
phenylacetate (19 g.), and absolute alcohol (50 ¢.c.) was heated 
under reflux for 12 hours and worked up as previously described. 
The ester distilled at 160—162°/14 mm. and had d} 1-1001, 
ni 1-4920, «i$ — 20-69° (1 = 50 mm.), whence [«]}~ — 37-61°. 

Ethyl “a ”-«-phenylacetoxypropionate was prepared for purposes 
of comparison by the interaction of phenylacetyl chloride and 
ethyl “‘d”-lactate. It distilled at 161—162°/13 mm. and had 
d? 1-1006, nif 1-4904, of + 21-21° (1 = 50 mm.), whence [a]F 
+ 38-54°. 

Ethyl ‘‘1”-«-acetoxypropionate was prepared by heating under 
reflux for 12 hours a mixture of ethyl “ d ’’-«-p-toluenesulphonoxy- 
propionate (15 g.), potassium acetate (11 g.), and absolute alcohol 
(50 c.c.). The product (yield 80%) distilled at 71—72°/10 mm. 
and had di* 1-0442, ni} 1-4096, aif — 24-87° (J = 50 mm.), whence 
[a}i> — 47-63°. 

Ethyl “d”’-«-acetoxypropionate, prepared by the action of acetyl 
chloride on ethyl “d”-lactate, had b. p. 73—74°/11 mm., nif 
1-4096, «2 27-00° (J = 50 mm.), whence [a] — 51-54°. 

Reaction between Potassium Acetate and Dextrorotatory Ethyl 
«-Bromopropionate in Ethyl-alcoholic Solution.—The dextrorotatory 
ethyl «-bromopropionate required was prepared by Walker’s method 
(J., 1895, 67, 914) from partly active ethyl lactate having «jf 
— 6-94°, 

Dextrorotatory ethyl «-bromopropionate, «aj — 20-6° (3 g.), 
and potassium acetate (3 g.) were dissolved in 20 c.c. of absolute 
ethyl alcohol. After heating under reflux for 6 hours, the product, 
ethyl «-acetoxypropionate, was isolated in the usual way. It had 
b. p. 75°/15 mm., ni 1-4110, and «jf — 6-03° (1 = 25 mm.), and 
hence [a]? — 23-1°. 


Reaction between the p-Toluenesulphonate of Ethyl Lactate and 
Alkali Halides in Ethyl-alcoholic Solution. 


(a) With Lithium Chloride—The levorotatory sulphonate (15 g.), 
prepared from levorotatory ethyl lactate, [«]i}’ — 7-26°, and 6-6 g. 
of lithium chloride were dissolved in 50 c.c. of ethyl alcohol and 
heated under reflux for 12 hours. The mixture was poured into 
water, and the oil which separated was isolated in the usual manner. 
Ethyl «-chloropropionate (6-5 g.) was obtained, b. p. 48—49°/18 mm.., 
d? 1-0720, nf 1-4166, and [a]> + 2-82°. 

(6) With Sodium Bromide——The ‘‘d’’-sulphonate (15 g.) and 
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(7-6 g.), and ethyl alcohol (50 c.c.) was heated under reflux for 
12 hours. The mixture was then treated as previously described 
and the final product after esterification had b. p. 54—55°/16 mm., 
d? 0-9959, and [a]%” — 5-46°. 

The high density seemed to indicate the presence of ethyl lactate. 
The product was therefore warmed for 1 hour with an equal volume 
of acetyl chloride and then redistilled. Dextrorotatory ethyl 
a-acetoxypropionate, b. p. 78°/17 mm., ep 1-00° (J = 25 mm.) 
(whence af” + 4-00°), and 1 g. of levorotatory ethyl «-ethoxy- 
propionate, b. p. 57°/17 mm., «f° — 8-72, were obtained. 

Levorotatory ethyl «-acetoxypropionate, prepared from the same 
sample of levorotatory ethyl lactate used for the preparation of 
the levorotatory sulphonate, had «# — 30-30°. 


Physical Measurements. 


Densities were determined in a pyknometer of about 1-5 c.c. 
capacity. Polarimetric measurements were made using as sources 
of monochromatic light the sodium and lithium flames and the 
enclosed mercury arc. 

The rotatory powers of ethyl “ d”’-«-p-toluenesulphonoxy- 
propionate were observed in a jacketed tube (J = 50 mm.), round 
which hot oil was circulated for the readings at higher temperatures. 

Owing to the highly refractive and viscous nature of this com- 
pound, the observed values are accurate only to 0-2°. 


Ethyl “ d”’-«-p-Toluenesulphonoxypropionaite. 


Temp.... 205° 40° 60° _—g0° 100° 120° 140° 
TE oein 1-2025 1-1845 11-1662 1/1464 °1-1296 11-1119 — 1-0893 
mises 15011 nis" 1.5040 


Rotatory Power. 


Aeros: + 20°6° at 21°; 18-8° at 40°; 17-6° at 60°; 16-10° at 82°; 15-1° at 
101°; 13-9° at 121°. 

Asses: ae at 21°; 25-2° at 40°; 22-6° at 60°; 21-5° at 82°; 20-2° at 
1°; 18-6° at 121°. 

Asz90° wae < 25-5° at 40°; 23-0° at 60°; 22-0° at 82°; 22-6° at 
3; 18-9° at 121°. 

A 5461 a 21°; | 29-2° at 40°; 27-3° at 60°; 24-9° at 82°; 23-4° at 
3 21-8° at 121°. 

Asssr BGA” at 21°; 50-6° at 40°; 46-2° at 60°; 42-3° at 82°; 39-6" at 
3; 363° at 121°. 


The following figures are obtained from the smoothed curves 
drawn through the above values : 


THE RELATIVE RATES OF CATALYTIC HYDROGENATION, ETC. 417 


TABLE IT. 

A A A A A Qs359/ 
er. da‘. 6708. 5893. 5790. 5461. 4359. Osq61° 
20° 1-2010 +34-3° 45:6° 47-6° 539° 93-9° 1-74 
40 1-1845 31°9 4:2-6 43:3 50-0 85:7 1-73 
60 1-1662 30-2 40-2 40:3 46-5 79-2 1-70 
80 1-1464 28-3 38-0 38:2 43-8 74:3 1-69 

100 1-1296 26-9 35-9 36-2 41-7 69-9 1-68 
120 1-1119 25-2 33°7 34-3 39-5 65-7 1-66 
TABLE IIT. 


Determination of Rotatory Power of (A) “d”-a-p- Ces 
oxypropionic Acid in Various Solvents. 


Length of Observation Tube = 200 mm. T' = 25°. 
G. of 


solute in 25° “o5° 
100 c.c. ay: (al, - 
of Fat —. < 
Solvent. solution. 6708. 5893. 5790. 5461. 4359. 6708. 5893. 5790. 5461. 4359. 
Ethyl 
alcohol 4-95 < 79° +3-58° +3-66° +4-12° +6-95° +28-2 2° +36-2° = -0° +41-6° +70-2° 
Benzene 2-35 +29 1-42 151 1-74 2-94 27-5 80-2 2-2 37-1 62-7 
Chloro- 
ee 4:97 3-37 4-21 4-74 4-85 8-31 83-7 41-3 47-7 48-8 83-6 
Methyl 
alcohol 4-96 3-44 4-58 4:85 5-73 9-28 34-7 46-1 48-7 57-8 92-6 
N-Sodium 
bromide 
in methyl 
alcohol ... 5-03 3-70 5-08 — 6-23 10-58 38-8 50-5 — 61-9 104-8 
(B) “d ”-«-p-Toluenesulphonoxypropionamide, 
Ethyl 
alcohol... 5:25 +266 +3-40 +3-78 +424 +7-50 422-4 +323 +36-0 +40-4 +715 


Much of the material used in this work was purchased by means 
of a grant from the Royal Society, for which the authors wish to 
express their thanks. Two of them (H. P. and H. G. T.) were in 
receipt of maintenance grants from the Department of Scientific 
and Industrial Research, and for these they desire to express their 
indebtedness. 
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LXII.—The Relative Rates of Catalytic Hydrogenation 
of Different Types of Unsaturated Compounds. 
Part I. Aliphatic Ethylenic Derivatives. 

By S. V. Lzeseprv, G. G. Kospiiansky, and A. O. YAKUBCHIK, 


THIs communication deals with the results of the first part of 
an investigation which we have undertaken in order to examine 
how far the rate at which hydrogenation proceeds is controlled 
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by the substituent groups in proximity to the ethylenic linking, 
and also in what manner the progress of the action is altered when 
mixtures of similar or different types of unsaturated compounds 
are submitted to hydrogenation. 

From this point of view we have examined (i) aliphatic ethylenic 
compounds, (ii) alicyclic unsaturated compounds, (iii) conjugated, 
non-conjugated, and allenic diethylenic compounds, and (iv) 
unsaturated compounds containing nitrogenous substituents or 
containing heterocylic systems. 

The most important result of the experiments now described— 
those dealing with open-chain ethylenic unsaturation—is that it 
has been found possible to indicate the constitution of an unsatur- 
ated compound by hydrogenating it in admixture with another 
ethylenic derivative of known constitution. 

The rate of absorption of hydrogen by unsaturated compounds 
in presence of platinum or palladium black was first studied by 
Fokin (J. Russ. Phys. Chem. Soc., 1906, 38, 419; 1907, 39, 607; 
1908, 40, 276), who concluded that the action was unimolecular 
and dependent on the diminishing concentration of the unsatur- 
ated substance. In many of his experiments, however, the 
logarithmic nature of the change is evident in the final stages only, 
and a careful examination shows that the critical part of most of 
his curves forms a straight line. 

In the meantime, other observers, including Vavon (Compt. 
rend., 1911, 152, 1675), Willstatter (Ber., 1912, 45, 1471), S. V. 
Lebedev (J. Russ. Phys. Chem. Soc., 1916, 48, 1002), Armstrong 
and Hilditch (Proc. Roy. Soc., 1919, [A], 96, 187; 1920, [A], 98, 
27), and Salkind (J. Russ. Phys. Chem. Soc., 1920, 52, 191), have 
pointed out that hydrogen is absorbed at a constant rate by 
unsaturated liquids in presence of a metal catalyst. 

We are not concerned here to discuss the mechanism of what 
we regard as a very complex process, further than to affirm that 
the observed rate of absorption of hydrogen is a linear function 
of the time, and to postulate that the action proceeds by the form- 
ation of an unstable intermediate product (of the nature of an 
adsorption compound) between catalyst and unsaturated molecule, 
with the further restriction that only molecules which are adsorbed 
by the catalyst undergo hydrogenation. 

Whilst, however, unsaturated compounds frequently display a 
uniform velocity of hydrogen absorption throughout nearly the 
whole course of the process of hydrogenation, certain cases have 
been brought forward in which a compound containing more than 
one ethylenic linking shows two well-defined rates of hydrogenation, 
corresponding with the disappearance of first one and then another 
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of the unsaturated groups. Examples which may be mentioned 
are dipentene (Vavon, loc. cit.); linolein, linolenin, etc., amongst 
other unsaturated glycerides (Armstrong and Hilditch, loc. cit.); 
and the dimeric phenylbutadiene examined by one of us (loc. cit.). 

On the other hand, an unpublished observation by Lebedev 
and Yakubchik has been made that in the case of diethylenic com- 
pounds the individual unsaturated .residues may be hydrogenated 
either at the same, or at different rates. 

It will be seen later that the same phenomena are also char- 
acteristic of mixtures of mono-ethylenic compounds: Each hydro- 
genation may proceed independently of the other, with the result 
that a mean constant rate of absorption of hydrogen is observed, 
or the compounds may be hydrogenated consecutively, one being 
almost unattacked until the other has disappeared. In other 
words, the catalyst (platinum black in our experiments) may pos- 
sess a selective affinity either for different parts of the same un- 
saturated molecule or, in the other case, for differently constituted, 
unsaturated molecules. 


Experimental Method and Interpretation of Results. 


The catalyst employed throughout was platinum black prepared 
by the method of Loew as modified by Willstatter (Joc. cit.). 

The hydrogenations were conducted at atmospheric temperature 
and pressure in solutions of the various compounds in absolute 
alcohol, employing approximately 0-01 mol. of the compounds in 
about 10—15 c.c. of alcohol, with an amount of catalyst present 
varying from 0-05 to 0-3 gram, or, in a few cases, even greater 
amounts. 

In general, the effect of doubling the concentration of catalyst 
in a given case was to increase the rate of absorption of hydrogen 
by about 50%. 

The hydrogen used was prepared by electrolysis of a solution of 
caustic soda, the gas being passed over heated copper and then 
dried through a column of soda-lime and calcium chloride. 

The hydrogenations were carried out in a horizontal glass vessel 
fitted with two stoppered necks, one for the admission of hydrogen, 
the other for filling purposes. When studying volatile compounds, 
we used a special filling pipette attached to the latter neck by 
means of a ground-glass joint, so that it was possible to ensure 
admission of the compound in an atmosphere of hydrogen without 
loss by evaporation. ' 

The hydrogenation vessel, connected to the hydrogen burettes 
by a flexible tube, was shaken horizontally at the rate of 250 


420 LEBEDEV, KOBLIANSKY, AND YAKUBCHIK: THE RELATIVE 


oscillations per minute, by an eccentric gearing of the usual type 
coupled to an electric motor. 

During the absorption of hydrogen, readings were, as a rule, 
taken at intervals of half a minute; with high rates of absorption, 
the accuracy of the measurements was about + 0-25 c.c., and for 
lower rates, + 0-1 c.c. Rates of absorption higher than 20 c.c. 
per 0-5 minute were observed only in a few cases. 

In previous work of this kind it has been usual to represent 
the data graphically by plotting the total absorption of hydrogen 
against the time from the commencement of the experiment; we 
have adopted the alternative of plotting increments of absorption 
against equal (4-min.) increments of time. This method appears 
more advantageous in that it depicts with maximum sharpness 
any alteration in the rate of hydrogenation, and—in the application 
of our results to determining the nature of an unsaturated com- 
pound—the points at which abrupt changes in rate of absorption 
occur are those of most importance to our immediate purpose. 

Consequently, whereas the “linear curves” of other workers 
have shown a series of connected lines commencing at the origin 
and altering more or less sharply from a greater to a lesser slope, 
in our graphs a constant rate of hydrogen absorption is represented 
by a straight line parallel to the axis of abscisse, and changes in 
the rate are marked by a pronounced drop to a horizontal at a 
lower level. | 

The enhanced clearness of this mode of illustration is shown in 
Fig. 9, curves 2 and 2’, which depict the rate of absorption of 
hydrogen by a mixture of styrene and oleic acid. The “ break ” 
in each curve is marked by a dash, and it will be seen that the 
method employed throughout this paper (curve 2) shows much 
more clearly the point at which the change in absorption-rate 
occurs than the more usual type of curve (2’). 

In the figures, time intervals of 0-5 min. are given as abscisse 
and the number of c.c. of hydrogen absorbed per 0-5 min. as ordin- 
ates. For the curve 2’ in Fig. 9 only, each division of the axis of 
ordinates corresponds to 10 c.c. of absorbed hydrogen; this is 
indicated by the figures 50 and 100 on the right of the axis. 

Since the curves illustrate completely the data on which we 
base our conclusions, it has not been thought necessary to tabulate 
the increments of absorption in detail, and therefore in the corre- 
sponding tables there will be found merely a summary of the 
remaining data pertaining to each experiment. 

In each table the compounds examined are numbered, the 
correspondingly numbered curves in the figures showing the 
increment—absorption-rates for a given compound or mixture. 
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The tables also show the amounts of platinum-black catalyst, 
alcohol (solvent), and compound employed, together with the 
calculated volume of hydrogen required for saturation and the 
volume actually absorbed, at ¢° and the pressure of experiment. 

The experimental results which we are able to put forward 
include : 

(i) Hydrogenation of single ethylenic compounds—monosubsti- 
tuted, symmetrically or non-symmetrically disubstituted, tri- and 
tetra-substituted. 

(ii) Hydrogenation of mixtures of ethylenic compounds of a 
similar degree of substitution. 

(iii) Hydrogenation of mixtures of ethylenic compounds of 
different degrees of substitution. 

(iv) Illustration of the application of the varying rates of hydro- 
genation of a mixture of ethylenic compounds to the determination 
of the nature of one of the unsaturated compounds or to quantitative 
analysis of a mixture of known compounds. 

The following general results of this part of the investigation 
may be noted: 

(a) Monosubstituted ethylenic derivatives possess the highest 
rate of absorption of the various classes examined, and also the 
rate of absorption is constant throughout by far the greater part 
of the reaction. 

The peculiar increase in reaction velocity toward the end of the 
process in the case of allyl alcohol (curve 1) is due to some factor 
which has not been made clear, and moreover, it is not always to 
be observed with the compound. 

Two diethylenic derivatives also are included in the table : 

The curve for diallyl is practically identical with that for iso- 
propylethylene (No. 5), so that it may be concluded that each 
ethylenic linking is attacked as though, in this case, the other 
were not present. 

The curve for allyl cinnamate in the first phase of the process, 
on the other hand, is almost the same as that for allyl alcohol 
(No. 1); but the concentration of catalyst in the former instance 
is only half that in the latter, so that for equal concentrations the 
absorption-rate for allyl cinnamate would be of the same form 
as, but about 50% more rapid than, that for allyl alcohol. 

This is an example of the effect produced on the rate of hydro- 
genation of the monosubstituted ethylene by the presence in the 
molecule of a further double linking of a different (symmetrically 
disubstituted) type; we shall return to this later in dealing with 
the hydrogenation of mixtures of ethylenic compounds. 

(b) Symmetrically disubstituted ethylenic compounds also are 
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hydrogenated at a constant rate throughout about half of the 
action, but at a somewhat slower speed than the monosubstituted 
class, and, in the cases where the substituent is an aromatic or 
acidic group, at a very definitely reduced rate. 
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Time in 0-5 minute. 


The rate of absorption during the second half of the action 
gradually declines. 

(c) With non-symmetrically disubstituted ethylenic compounds 
the presence of a phenyl or carboxylic residue causes a lower general 
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rate of absorption. It is also notable that the reaction velocity 
declines more or less consistently from the commencement except 
in the cases of camphene and methylenecyclohexane, where a 
uniform rate of absorption characterises the earlier part of the 
process; it is to be noted that both these compounds contain the 
double bond attached externally to an alicyclic carbon ring-system. 

(d) Of the three trisubstituted ethylenic compounds examined, 
two show an approximately linear or very slowly falling type of 
absorption of hydrogen, whilst the third, mesityl oxide, containing 
a conjugated system of an ethylenic and a carbonyl group, is 
marked by an uncommonly high rate of absorption during the 
hydrogenation of the ethylenic linking. 

The tetrasubstituted compounds examined exhibit a very low, 
but approximately constant, rate of hydrogenation. | 

Summing up all the results, the highest rates of hydrogenation 
are shown by the monosubstituted compounds and the lowest by 
the tetrasubstituted, the other types falling in between; the 
presence of negative substituents seems to induce an abnormally 
slow velocity, whilst conjugation with alicyclic or carbonyl residue 
tends to accelerate the rate of reaction. 

Mono- and tetra-substituted derivatives absorb hydrogen at an 
approximately constant rate throughout nearly the whole of the 
process, trisubstituted ethylenes also are nearly “linear” in their 
rates of absorption, but with both classes of disubstituted deriv- 
atives the constancy of rate is only maintained at most for a period 
of the whole action. 


Hydrogenation of Mixtures of Ethylenic Compounds. 


The remarkable mutual influence of unsaturated compounds 
present in a mixture on their individual rates of hydrogenation 
appears to us, as stated on p. 418, to be the most important result 
of our investigation. We were led to observe this effect in conse- 
quence of an attempt which we made to render our data more 
comparable by adding a proportion of a definite ethylenic deriv- 
ative in the hope that we might be able to detect a characteristic 
absorption rate for this compound and thus reduce all the rates 
of absorption to a definite standard. We had hoped in this way 
to eliminate errors due to the erratic retarding effect of certain 
influences which are exceedingly difficult to detect, such as: 


The slight variation in activity of different preparations of 
platinum black ; 

the alteration in activity with age of the same preparation of 
the catalyst ; 
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the risk of depreciating the catalyst by exposure to air during 
transference to the hydrogenation apparatus ; 

the presence of impurities, especially oxidation products, in 
the substance which is to be hydrogenated. 


We found, however, that the rate of absorption of hydrogen by 
a binary mixture of ethylenic derivatives was directly dependent 
on the constitution of the components, and examination of a large 
number of such mixtures led us to the following generalisations, 
which are illustrated by the absorption—time curves of the examples 
given in the tables which follow : 


1. In a mixture of two similarly substituted ethylenic com- 
pounds the components are hydrogenated concurrently and the 
resulting graph is either a smooth curve.or a straight line. 

2. In a mixture of two dissimilarly substituted ethylenic 
compounds the components are hydrogenated, broadly speaking, 
consecutively and the resulting graph is a discontinuous curve. 


On our primary assumption (p. 418) that only those molecules 
which are adsorbed by the catalyst can suffer addition of hydrogen, 
this involves the consequences that metallic catalysts must possess 
exceedingly selective powers of adsorption, and that the degree of 
adsorption is approximately the same for similarly substituted 


compounds and quite different for those of differing orders of 
substitution, 

The corresponding graphs are shown in Figs. 5—8, and a dash 
has been inserted at the point on each curve at which, had the 
process been one of selective or consecutive hydrogenation, a 
break-point should have occurred. In point of fact no such break 
occurs in any instance, and all the curves retain the smooth character 
of those of the components of the mixtures employed. 

The general conclusions to be drawn are that in the case of 
binary mixtures of similarly substituted ethylenic compounds : 

(1) The general type of the absorption—-time graphs is the same 
as that of the components, according to the manner of substitution 
of the latter (compare pp. 421—425). 

(2) Most frequently the rate of absorption is fairly close to the 
mean of those of the individual components; in other words, 
selective hydrogenation is not operating and both compounds are 
absorbing hydrogen concurrently. 

(3) If one of the components has an unusually high linear rate of 
absorption, such as camphene or mesityl oxide, the rate of hydro- 
genation of the binary mixture of similarly substituted compounds 
frequently tends to approach this relatively high rate, rather than 
the true mean; and the resulting graph is similar to that for the 
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more active substance, but is still a smooth curve or linear graph 
throughout its course. 
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Time in 0°5 minute. 


(4) The continuity of the hydrogenation curves and the complete 
absence of break-points are the most characteristic features of this 
type of mixture. 
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So much is this the case, that if hydrogenation of a binary mix- 
ture of ethylenic compounds results in an absorption—time curve 
which is either linear or continuously falling without any abrupt 
break, we are able to predict with considerable confidence that 
both unsaturated compounds are similarly substituted with regard 
to the carbon atoms concerned in the ethylenic linking. 


Hydrogenation of Ethylenic Compounds of Different Degrees 
of Substitution. 


About forty binary mixtures of mono-, di-, tri-, or tetra-substi- 
tuted ethylenes have been examined in which the components 
belong to different types of substitution, and the results, which 
are as consistent among themselves as the foregoing, display a 
very notable contrast, all the curves indicating that the hydro- 
genations proceeded consecutively or selectively, a pronounced 
discontinuity in the graph appearing at, or very close to, the point 
at which the hydrogen absorbable by the less-heavily substituted 
component had in fact disappeared. 

These data are summarised in Table VI; the corresponding 
curves being shown in Figs. 9—17. 

A general survey of the data in Table VI leads to the following 
conclusions : 

1. In every case the absorption-time graph is discontinuous, 
and more or less pronounced breaks occur: the unsaturated com- 
pounds are hydrogenated consecutively. (The points at which 
the compound first attacked would be completely saturated if 
hydrogenation were completely selective are marked on the graphs 
by dashes as before, and it will be observed that, in general, there 
is a close correspondence between these points and the actual 
places of discontinuity.) 

2. In all cases the monosubstituted derivatives are hydrogen- 
ated the most readily and the tetrasubstituted ethylenes the most 
slowly, the other classes falling intermediately. 

3. For mixtures of monosubstituted ethylenes with other types 
of ethylenic compounds, the graphs show very pronounced dis- 
continuities, the two segments being more or less horizontal. The 
difference in the rates of absorption of hydrogen by the two un- 
saturated compounds is always marked; usually the monosubsti- 
tuted compound maintains its characteristic absorption-rate, that 
of the other compound being sometimes increased above its normal 
value, and not infrequently markedly diminished. 

4. Monosubstituted ethylenes are readily distinguished from the 
other types by measurements of the rate of hydrogenation in the 
manner described above. 
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5. Binary mixtures containing symmetrically or non-symmetric- 
ally disubstituted or trisubstituted ethylenic compounds show 


1 : a See | 


20 


- 
oe 


$ 
s 
= 
‘= 
4 
~~ 
- 
oO 
£ 
i) 
3 
2 
g 
3) 
8 
= 
> 
3 
> 
a] 
> 
8 
o 


Ne 


- 


* Rig. 12 
Time in 0°5 minute. 


less marked discontinuities, and there is a distinct tendency for 
the individual absorption-rates to be lowered on the one hand and 
Q2 
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raised on the other, so that the absorption-rates of the compounds 
in admixture are more nearly alike than those of the compounds 
hydrogenated individually. 
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Although we have not encountered such a case, it is evident, 
from what we have pointed out as to the approximation in rate of 
hydrogenation of the components, that instances might arise in 
which the rates of absorption of hydrogen of a binary mixture of 
di- or tri-substituted ethylenes were the same, although the actual 
hydrogenation were consecutive. In this case a perfectly smooth 


RATES OF CATALYTIC HYDROGENATION, ETO. PART I. 437 


hydrogenation-curve would not necessarily connote concurrent 
hydrogenation of each unsaturated compound. 

6. In binary mixtures of tetrasubstituted ethylenes with the 
other classes, the individual absorption-rates are altered but little. 
Owing to the slow rate of hydrogenation of the tetrasubstituted 
compounds, the difference in the rates of absorption during the 
two phases of the process is large. 
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Illustrations of the Application of the Foregoing Results to the Deter- 
mination of the Nature of an Unsaturated Compound, and to 
Quantitative Analysis of a Mixture of Known Unsaturated 
Compounds. 


Determination of Constitution.—The above generalisations may 
be utilised to identify the order of substitution of an ethylenic 
compound by hydrogenating it first alone, and then in binary 
mixtures with typical compounds of either of the four types of 
substituted ethylenes. 

These five determinations would in general be reduced to three 
or even two, since in most cases the form of the hydrogenation 
curve for the individual compound would afford some clue, whilst 
in most others a certain amount of collateral analytical data may 
be presupposed which would be of assistance. 

As standard typical compounds we recommend the following, 
which we have selected on the basis of affording suitable rates of 
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hydrogenation and of being easily procurable and not difficult to 
obtain in a state of purity. 


Monosubstituted : Allyl alcohol or eugenol. 
Symmetrically disubstituted : Crotonic acid or anethole. 
Non-symmetrically disubstituted : Camphene. 

Trisubstituted : Mesityl oxide or trimethylethylene. 
Tetrasubstituted : Pulegone or tetramethylethylene. 


Camphene and mesityl oxide have a tendency to render linear 
the absorption-time curves of their mixtures with similarly substi- 
tuted ethylenic compounds, which individually display a steadily 
declining rate of hydrogenation; this affords a sure indication of 
the order of substitution in these particular instances. 

To illustrate the application of our method, we may assume 
that we wish to discover the degree of substitution of mesityl 
oxide. The hydrogenation curves for this compound (0), and 
for mixtures of the compound with allyl alcohol (i), anethole (ii 
sm.), methyl-tert.-butylethylene (ii asm.), trimethylethylene (iii), 
and tetramethylethylene (iv) are shown in Fig. 18. 

In this particular case (compare p. 425) the results with the 
individual compound would lead us to suppose it to be mono- 
substituted, were it not for the very pronounced break in the 
curve for its mixture with the monosubstituted allyl alcohol. All 
the other curves also show well-defined discontinuities except 
number iii, which is remarkably smooth. 

From this, the constitution of a trisubstituted ethylene of the 
general type RCH:CR’R” would be assigned to the compound. 

Similarly, if the constitution of methyl-tert.-butylethylene were 
in dispute, the method would render ready assistance. The curve 
for the pure compound (Fig. 3, curve 2) shows a steadily declining 
rate of absorption of hydrogen, and suggests that the substance is 
non-symmetrically disubstituted. This is confirmed at once by 
the rate of hydrogenation of the substance in admixture with the 
non-symmetrically disubstituted ethylenic derivative, camphene 
(Fig. 7, curve 4), when an absolutely smooth curve results. 

It will be gathered that monosubstituted compounds (R:CH:CH,) 
and tetrasubstituted compounds (RR’C:CR”R’”’) are those which 
can be differentiated most readily by observation of rates of hydro- 
genation. It is more difficult to discriminate between ethylenes 
of the types RCH:CHR’, RR’C:CH,, and RCH:CR’R”, owing to 
the characteristic differences in their rates of hydrogenation 
frequently being but small. 

Considerable accuracy is then required in determining the rates 
of absorption per unit of time; this may be assisted by employing 
@ high concentration of catalyst and working with as large a 
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quantity of material as possible, so that the horizontal positions 
of the graphs are made as definite as possible. 

Quantitative Estimation of the Components of a Mixture—An 
approximate estimation of the amounts of the components in a 
mixture of unsaturated compounds can be made from the hydro- 
genation curve if allowance is made for the fact, which we have 
established experimentally, that the end of absorption by one 
constituent corresponds with a point just beyond where the curve 
commences to sag from the horizontal. 

We have applied our method to the mixture of amylenes obtained 
by catalytic dehydration of sec.-amyl alcohol (fusel oil) in presence 
of alumina according to the method of Ipatiev. This mixture 
consists of isopropylethylene, as.-methylethylethylene, and 
trimethylethylene. 

A typical hydrogenation curve for the mixture is shown in 
Fig. 16, curve 3, and consists of three more or less horizontal seg- 
ments. Measurement of the total volume of hydrogen absorbed 
over each section of the curve gave the following results : 


Expt. 1. Expt. 2. 


isoPropylethylene (monosubstituted) 
Methylethylethylene (non-symmetrically disubstituted) 
Trimethylethylene (trisubstituted) 


The figures for experiment 2 were from a separate hydrogenation. 


Conclusions. 


1. The components of mixtures of ethylenic derivatives of the 
same type of substitution are hydrogenated concurrently. The 
curves of hydrogenation of such mixtures have the form of a smooth 
straight or curved line. 

2. The components of mixtures of ethylenic derivatives of 
different types of substitution are hydrogenated consecutively and 
selectively. In all cases, monosubstituted derivatives, ReCH°CH,, 
are attacked preferentially, whilst tetrasubstituted compounds, 
RR’C:CR”R’”’, are hydrogenated last of all. 

The di- and tri-substituted types, RCH:CHR’, RR’C:CH,, and 
RR’C:CHR”, fall intermediately, with less striking differences 
between them than between this group and either of the 
preceding. 

The hydrogenation curves of mixtures of ethylenic derivatives 
of varying types of substitution are discontinuous and display 
definite break-points. 

3. It is possible to throw light on the paren of substitution of 
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“an ethylenic compound by observing its rate of hydrogenation 
(i) in the pure state and (ii) admixed with chosen standard deriv- 
atives belonging to one or other of the known types of substitution. 


Minitary MepicaL ACADEMY, 
LENINGRAD. “{[Received, September 4th, 1924.] 


LXIII.—The Reactions of Sodiwm Mono-, Di-, and 
Tri-sulphides with 1-Chloro-2-nitro-, 1-Chloro-4- _ 
nitro-, and 1 :4-Dichloro-2-nitro-benzene. 

By Herpert Henry Hopeson and James Henry WILSON. 


As a preliminary step in an investigation of the conditions of form- 
ation of sulphide dyes, the behaviour of sodium mono-, di-, and 
tri-sulphides with the above chloronitrobenzenes has been examined. 

In such reactions, as Blanksma (Rec. trav. chim., 1901, 20, 141) 
and others have shown, sodium monosulphide may display at 
least three kinds of activity, represented by the equations 


2Na.S + H,O + 20, = Na,8,0, -+- 2NaOH (reduction) 
NaS + H,O == NaSH + NaOH (hydrolysis) 
2NaS + 2H,O = NaS, + 2NaOH + 2H (disulphide formation). 


In consequence of this, and the presence of labile chlorine atoms 
in the organic compounds, the reactions of sodium monosulphide 
with the chloronitrobenzenes were manifold; moreover, the addition 
of sodium hydroxide to suppress the hydrolysis of the sulphide 
produced further complications, and, in the case of 1-chloro-2- 
nitrobenzene, steric hindrance was yet another factor modifying 
the course of the reaction. 

The reactions of sodium di- and tri-sulphides with the chloro- 
nitrobenzenes were comparatively simple, disulphides or mixtures 
of disulphide and sulphur being produced. In accordance with 
Blanksma’s experience (loc. cit., p. 121), what appear to be two forms 
of 4: 4’-dinitrodiphenyl disulphide, m. p. 170° and 180°, respec- 
tively, were obtained (compare, however, Zincke and Lenhardt, 
Annalen, 1913, 400, 1). No nitro-trisulphides were isolated and 
it seems very probable that Blanksma’s 2 : 2’-dinitrodipheny] tri- 
sulphide, m. p. 185°, and tetrasulphide, m. p. 160°, were mixtures 
of the disulphide and sulphur. 

4:4’-Diaminodipheny! trisulphide has been isolated, and its 
identity as a chemical individual established. This is a definite 
step in the elucidation of the structure of the polythiozone complexes 
which are generally believed to occur in the sulphide dyes. 
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Ex PERIMENTAL. 

For convenience’ sake, the products obtained in the experiments 
tabulated below are denoted by numerals: I, 1-chloro-2-nitro- 
benzene; II, 1-chloro-4-nitrobenzene; III, 1 : 4-dichloro-2-nitro- 
benzene; IV,, 2-chloroaniline; IV,, 4-chloroaniline; V, and V,, 
2:2'- and 4: 4’-dinitrodiphenyl sulphide; VI, and VI,, 2’-nitro- 
2-amino- and 4’-nitro-4-amino-diphenyl sulphide; VII, and 
VII,, 2- and 4-nitrophenyl mercaptans; VIII, and VIII,, 2: 2’- 
and 4 ;: 4’-dinitrodiphenyl] disulphides; IX, and IX,, 2- and 4-amino- 
phenyl mercaptans; X, and Xp», 2: 2’- and 4: 4’-diaminodiphenyl 
disulphides; XI, 4: 4’-diaminodipheny] trisulphide. 

Reaction of Sodium Sulphide, Na.S,9H,0. 
With 1-Chloro-2-nitrobenzene (I). 


Sub- Duration 
stance Na,S,9H,O NaOH Water of boiling 
(g.). (g.). (g.). (c.c.). (hrs.). Product. 


In alcoholic solution. 
5 — 21 13s; IV, 00 @; Va 
1-5 g. 


In aqueous suspension. 


400 I, 3 g. 
— . V,. almost entirely. 


Vo: VII, = 2:1. 
(boiling) 


200 - VII, almost entirely. 
400 ea IV, (= 12% of I taken). 
50 12hrs.in IV,, V., VII, (about 1 g. 
sealed tube _ of each). 
at 200°. 
12 100 12 VI, and 32% of IV,. 


With 1-Chloro-4-nitrobenzene (IT). 


In alcoholic solution. 
—— 6 . IV;, 
17%; Vy, 83%. 
— 26 17% unchanged. V», 20%. 
In aqueous solution, 
200 3 1 g. unchanged. V, and 
a little VI,. 
12 IV,, 24%; VIp, 4—5 g. 
hydro 


(isolated as 
chloride) ; , 2—3 g. 
7 2 12 IV,, 1%; VIp: XR, = 1-7: 1. 


With 1 : 4-dichloro-2-nitrobenzene (IIT). 


In alcoholic solution (30 c.c.). 

— — 6 1 g. unchanged. 4: 4’-Di- 
chloro-2 : 2’-dinitrodi- 
pheny] sulphide.* 

The same result was obtained in aqueous suspension, but the rate of 
reaction was slower. 
* M. p. 145—146°. Found : Cl = 20-:2;S = 9-5. Calc., Cl = 20-57; S = 9-2%,. 
. Q* 
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When 1 mol. each of 1-chloro-2-nitrobenzene and 1-chloro-3- 
nitrobenzene in aqueous suspension were boiled with 4—6 mols. 
of sodium sulphide, quantitative yields of 3-chloroaniline and 
2-aminopheny! mercaptan (isolated as 2 : 2’-diaminodipheny] disul- 
phide) were obtained. 

1-Chloro-2-nitrobenzene (3 g.), suspended in water (50 c.c.), 
was treated with potassium hydrosulphide (made from 3 g. of 
caustic potash in 20 c.c. of water). The mixture was boiled for 
8 hours, re-saturated with hydrogen sulphide, and boiled again for 
2 hours. The products were V, (1 g.), IX, (0-6 g.; isolated as 
X,), and IV, (0-4g.). Replacement was therefore more pronounced 
than that occurring with sodium sulphide. In alcoholic solution, 
the products were IV, (1-1 g.) and IX, (1g.; isolated as X,); the non- 
formation of V, indicates that the potassium hydrosulphide behaved 
as such during the reaction. 


Reaction of Sodium Disulphide. 


Preparation.—The disulphide was prepared by dissolving equiv- 
alent quantities of crystallised sodium sulphide and sulphur in the 
minimum of water. 


With 1-chloro-2-nitrobenzene (I). 
Duration 
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Sub- 


stance 


(g-). 


2 mols. 


2? 


6 g. 


”” 


Na,§,. 


(g-). 


1 mol. 
6 mols. 


5:7 g. 
30 


13°5 


34 


{*9 g. Na,S,9H,O 
22.8 


5: 


NaOH Water of boiling 
(g.). (c.c.).  (hrs.). 


In alcoholic solution. 
-1—2 VIII, almost quaut. 
6—8 90% VII, (isolated as X,). 


In aqueous suspension. 

100 4 4 g. unchanged. IV,, 0-2 g. 
Remainder was mercaptan. 

200 24 IX, (isol. as X.)s IV, 0-3 g.; 
trace of : 2’-diaminodi 
phenyl AME Ne 

_ VI, almost quant. ; 
trace of IX, and the sulphide, 
m,. p. 85°. 


With 1-chloro-4-nitrobenzene (II). 


In alcoholic solution (30 c.c.). 
— — 4 VIII, (both forms), 5 g. 
as ~-- 4 IV,, 89% (similar result with 
fr’ iodo-4-nitrobenzene). 


In aqueous suspension. 
150 40 XI and X, (isol. after oxidation 
with air; yield quant.); IV,, 
2%: 
40 XX, quant. 


150 12 


Product. 


100 12 


150 


2-5 g. unchanged. V-. and 
VI, main product ; me 1%. 
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With 1 : 4-dichloro-2-nitrobenzene (ITT). 


Sub- Duration 
stance Na,S,. NaOH Water of boiling 
(g.). (g.). (g.)- (c.c.). (hrs.). Product. 
In alcoholic solution (30 c.c.). 
5°7 — —_ 4 4:4’-Dichloro-2 : 2’-dinitrodi- 
phenyl disulphide,* 4-5 g. 
In aqueous suspension. 
— 150 40 Mercaptan,f m. p. 120°. 
* M. p. 212° (after crystallisation from glacial acetic acid). Found: Cl = 
18:5; 8 = 17-27. Calc., Cl = 18-8; S = 16-98%. 
t Yielding 4 : 4’-dichlorodi-o-thioaniline on oxidation with air; m. p. 116°, 
Found: S = 20-4. Calc., 20-1%. 


Reaction of Sodium Trisulphide. 


With 1-Chloro-2-nitrobenzene (I).—In alcoholic solution (30 c.c.). 
1-Chloro-2-nitrobenzene (6 g.) and sodium trisulphide (6-4 g.), after 
3 hours’ boiling, gave a yellow precipitate, m. p. 150°, which proved 
to be a mixture of 2: 2’-dinitrodiphenyl disulphide and sulphur. 
The former was purified by repeated crystallisation from glacial 
acetic acid and extraction with carbon disulphide, the fall in 
percentage of sulphur with rise in m. p. being as follows: m. p. 
168°, S 33%; m. p. 179°, S 308%; m. p. 194:5°, S 21-0% (calc. 
for VIII,, S = 20-77%). By interpolation, a mixture of m. p. 
185° would have the sulphur content of 2 : 2’-dinitrodiphenyl 
trisulphide, whilst, by extrapolation, a mixture of m. p. 160° 
would correspond with a tetrasulphide. For these reasons, the 
authors conclude that Blanksma’s compounds (loc. cit.) are either 
mixtures or very labile compounds. 

In aqueous suspension. The ultimate product was 2 : 2’-diamino- 
diphenyl disulphide, m. p. 93°. No trithioaniline was obtained. 

With 1-Chloro-4-nitrobenzene (II1).—In alcoholic solution (30 c.c.). 
The same results were obtained as in the experiments with sus- 
pensions in aqueous sodium disulphide, viz., mixtures of 4 : 4’-di- 
nitrodipheny! disulphide (both forms) with sulphur were produced 
and no trithio-compound formed. 

In aqueous suspension. From 1-chloro-4-nitrobenzene (2 mols.) 
and sodium trisulphide (1 mol.) a mixture of 4 : 4’-dinitrodiphenyl 
mono- and di-sulphides was produced by boiling, but when 15 mols. 
of the trisulphide were employed (10 g. of II, 152 g. of Na,S,, 
500 c.c. of water) and the mixture was boiled for 40 hours and then 
distilled with steam, a residue (4:5 g.), consisting mainly of 4 : 4’-di- 
aminodiphenyl trisulphide, was obtained, and a solution which 


yielded, after oxidation with air for 2 days, 5 g. of 4: 4’-diamino- 
Q*2 
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diphenyl trisulphide (XI), m. p. 122° (after crystallisation from 
alcohol) (Found: S = 34:5. C,H N,8, requires S = 34-29%). 
The hydrochloride melts at about 200° (Found: S = 24:71. 
C,,H9N,S3,2HC1,2H,O requires § = 24-69%). The new tri- 
sulphide (XI), which is stable towards carbon disulphide, exhibits 
a marked tendency to retain sulphur. It is converted by boiling 
aqueous sodium monosulphide into 4 : 4’-diaminodipheny] disulphide 
(X,), m. p. 78°, and is re-formed from this by means of boiling 
aqueous sodium trisulphide and subsequent air oxidation. Con- 
version into X, is effected also by boiling aniline, with, however, 
ultimate formation of 4: 4’-diaminodiphenyl monosulphide. The 
thiozone group, S,, is therefore in the para-position to the amino- 
groups. 

With 1:4-Dichloro-2-nitrobenzene (III).—In alcoholic solution. 
After the reaction (2 mols. of III; 1 mol. of Na,S,), the excess of 
III was removed by steam, and the product, m. p. 185°, repeatedly 
crystallised from glacial acetic acid and extracted with carbon 
disulphide; the successive m. p.’s were 190°, 192°, 207°, 212° 
(Found : in substance, m. p. 212°, Cl = 18-6; S=17:2. 4:4’-Di- 
chloro-2 : 2’-dinitrodiphenyl disulphide, C,,.H,O,N,CI,S,, requires 
Cl= 18-8; S=17-0%). Analysis and microscopic examination 
showed the products melting below 212° to be mixtures of sulphur 
and the disulphide. 

In aqueous suspension. Only 4: 4’-dichloro-2 : 2’-diaminodi- 
phenyl disulphide could be isolated; no trisulphide was formed. 

Analysis of Mixtures of 2-, 3-, and 4-Nitro-1-chlorobenzene.—The 
method described by Hodgson and Anderson (J., 1924, 125, 2195) 
was first worked out in connexion with this investigation. Sodium 
trisulphide is the most efficient reagent for the quantitative con- 
version of 1-chloro-2-nitro- and 1-chloro-4-nitro-benzene into 2- 
and 4-aminophenyl mercaptans, which are non-volatile with steam, 
and of 1-chloro-3-nitrobenzene into 3-chloroaniline (volatile with 
steam). 


The authors desire to express their thanks to the British Dye- 
stuffs Corporation for gifts of the chemicals used in this work. 
DEPARTMENT OF CoLoUR CHEMISTRY, 


Tue TEOHNICAL COLLEGE, 
HvUDDERSFIELD. [Received, August 9th, 1924.] 


ee ee ee es 


a fA A est 6LODUCUOAS 


445 


FURTHER EXPERIMENTS ON PERIODIC DISSOLUTION OF METALS, 


LXIV.—Further Experiments on the Periodic Dissolution 
of Metals. 


By Ernest SypNzyY Hepczs and James Eckerstey MYErs. 


In addition to the twenty periodic reactions previously described 
(J., 1924, 125, 604), involving the liberation of hydrogen, four 
new reactions are now reported as being periodic under certain 
conditions. These are (21) magnesium and acetic acid, (22) mag- 
nesium and sulphuric acid, (23) magnesium and nitric acid, (24) 
magnesium and orthophosphoric acid. 

Since the most easily reproducible systems are those in which 
the activating agent is the second metallic component, it seemed 
desirable to examine these quantitatively. Such systems, how- 
ever, suffer from the disadvantage that, as a rule, a constant wave- 
length is not obtained. The Records 125 and 130 in the previous 
paper are exceptional in their regularity, and Records 110 and 11], 
which were obtained from couples of magnesium and cobalt and 
of magnesium and nickel in 10% ammonium chloride solution, 
give a truer idea of what is usually obtained. 

Attempts were therefore made to devise new methods of 
activation of the metals in order to obtain constant and 
quantitatively reproducible frequencies. It was taken as a 
working hypothesis that the irregularity was the result of un- 
equal activation of different parts of the metal surface and that 
there would be more prospect of obtaining regular waves if a 
uniform condition of activity over the entire surface were ensured. 

Attempts to produce regular waves by polishing the second 
metallic component with graded emery papers were not successful, 
but the methods described below were found useful. 

Although, as was previously stated, in systems involving the 
simultaneous use of a colloid, the two metals do not need to be 
in contact, yet in the purely metallic systems contact between 
the dissolving metal and the activating metal is necessary. It 
may be that in the colloid systems the true activating agent is 
the colloid and not the platinum. 

Electro-deposited Metals—Record 142 is given in illustration 
of the regular waves which were obtained by using a surface of 
electro-deposited copper. Two electrodes of inactive copper were 
placed in a solution containing 20% of copper sulphate and 5% 
of sulphuric acid, and a current density of 6-25 amps. per sq. dem. 
was used, the deposition being continued for 20 minutes. The 
activating component consisted of the cathode, placed in contact 
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with magnesium dissolving in N/5-hydrochloric acid. The copper 
anode also was active, but its activity soon died out. 

Comparative experiments, carried out with current densities 
varying from 0-625 amp. per sq. dem. to 6-25 amps. per sq. dem., 
indicated that a high current density is desirable, since the resulting 
waves have a high amplitude. 

Chemically Deposited Metals.—Very regular waves can be obtained 
from the system magnesium and hydrochloric acid by first immersing 
the magnesium in 0-1% copper sulphate solution for about 5 minutes 
(Record 143) or by dipping it into a dilute stannous chloride solution 
until a thin deposit forms (Record 147). 


Fia. 1. 


In Record 143, the point at which the periodicity ceases coincides 
with the copper film slipping off the dissolving metal. 

Excellent waves have been obtained by dipping magnesium into 
solutions of ferrous sulphate or ferrous ammonium sulphate and 
then dissolving in hydrochloric acid. 

Poor results were obtained by depositing nickel from nickel 
ammonium sulphate solution on magnesium and aluminium, and 
no improvement was obtained by vacuum-heat treatment. 

Regular waves were also obtained by adding to the reacting 
system about 0-01% of cupric chloride, stannous chloride (Record 
146), bismuth nitrate (Record 148), antimony chloride (Record 149), 
or ferrous sulphate (Record 150). 
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Factors Determining Frequency.—The frequency of the periods 
is dependent on the concentration of the reagent and on the tem- 
perature of the reaction. Keeping these conditions constant, it 
has been possible, by taking advantage of the regularity of the 
systems mentioned above, to study the effect of varying the amount 
of activating material. Employing the system aluminium and 
1-5N-hydrochloric acid, the metal was immersed in 5% copper 
sulphate solution for time intervals of 90 secs., 30 secs., and 15 
secs. before the experiment, and the resulting wave-length was 
measured. In another series, the effect of the addition to the 
reacting system of 1 c.c., 0-5 c.c., and 0-2 c.c. of the copper sulphate 
solution was measured. 

The measurements are not given quantitatively, since in the 
first series the loosely adherent copper film was apt to tear off and 
in the second series the whole of the reduced metal did not remain 
in contact with the aluminium, a certain amount being carried into 
the surrounding liquid by the vigorous evolution of hydrogen. 

There is, however, good qualitative evidence from these observ- 
ations to suggest that low-frequency waves are produced by a 
large deposit of active copper and that a thin film of the active 
material gives rise to periods of higher frequency. 

Similar results were obtained in the case of copper deposited 
electrolytically. Copper was deposited, under the conditions 
already mentioned, for periods of 15, 10, and 5 minutes respectively. 
When these specimens of activated copper were put in contact with 
magnesium dissolving in N/5-hydrochloric acid, the corresponding 
durations of a wave were 7, 2:5, and 1 minutes. These results are 
in accord with the previous statement (loc. cit., p. 623) that in the 
case of alloys of copper and aluminium dissolving in hydrochloric 
acid, the alloys rich in copper gave a low frequency. 

The Process of Activation.—Further experiments on the activation 
of metals have strengthened the view, formerly expressed, that 
the activity is associated with an unstable, close-grained, or possibly 
amorphous, structure. That there is a real physical difference 
between two samples of copper sheet before and after activation 
by scraping is very evident—the metal becomes harder and more 
brittle. A state of strain at the surface of the metal is indicated 
by the pronounced concavity of the scraped surface. 

Activation of copper has also been effected by cold-rolling. 
Inactive copper sheet of a thickness of 0-022 in. became active 
when rolled out to 0-013 in., whilst the sheet obtained by further 
rolling to a thickness of 0-006 in. produced waves of higher frequency 
than those derived from the 0-013 in. sheet. 

In this connexion reference may be made to what may be termed 
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“ static ’ periodic properties of metals, which appear to be associ- 
ated with a state of the metal similar to that which gives rise to 
the time-periodicity described by the present authors. Thus, 
Ellis (J. Inst. Metals, 1919, 22, 319) and Johnson (ibid., 1920, 
23, 443) have shown that the progressive cold-rolling of copper is 
accompanied by periodic changes in certain physical properties. 
According to Alkins (ibid., 1920, 23, 488), the susceptibility to 
corrosion of hard-drawn copper wire varies periodically along the 
length of the wire and this he ascribes to a periodic difference of 
electropotential condition along the wire. 

In the case of copper deposited electrolytically, it is recognised 
that the size of the crystal grains becomes smaller with increasing 
current density (compare Blum, ZJ'rans. Amer. Electrochem. Soc., 
1919, 36, 213; 1923, 44, 397) and it is found that this is just the 
condition favouring the production of an active surface. Similar 
conditions appear to apply to chemically deposited metals. 

In the method of vacuum-heat treatment, it appears that the 
change is consequent on the liberation of gas from the surface 
layers. It has been noticed that with any one piece of metal it 
is increasingly difficult to bring about activation by this method. 
With platinum, easy susceptibility to activation can be restored 
by coating the surface with platinum black. It thus appears that 
activation depends on the expulsion of gas from the surface mole- 
cular layers of the metal. When this has been done, fresh gas is 
adsorbed only on the outer surface and it becomes increasingly 
difficult to get gas from the inner layers. Platinising the platinum 
gives a new start to the process. 

Electropotential Measurements.—Experiments at present in pro- 
gress show that the electropotentials of the inactive and the activ- 
ated form of the same metal differ considerably. Schmidt (Z. 
physikal. Chem., 1923, 106, 105) has shown that the electropotential 
of most metals is lowered by rubbing with emery paper and he 
finds a parallelism between the time taken to revert to the normal 
value and the hardness of the metal. This throws an interesting 
light on the apparent normal periodic activity of nickel and cobalt 
(J., 1924, 125, 622). These metals have been used in the form 
of rolled sheet and, being among the hardest metals used for this 
purpose, appear to have still retained the activity imparted by 
the rolling. This may be contrasted with the behaviour of lead, 
for although colloidal lead has been of value, massive lead has 
never yet yielded to any of the methods of activation employed. 
This appears to be connected with the almost spontaneous annealing 
of lead at the ordinary temperature. 

** Auto-periodic’’? Systems.—In all the experiments which have 


THE PERIODIC DISSOLUTION OF METALS. 449 


been described hitherto a subsidiary chemical reaction has been 
used as an indicator of the periodicity inherent in the activated 
metal (second metallic component). It is, however, possible to 
make the activated metal itself take part in a chemical reaction. 
Such “‘auto-periodic’’ systems have already been found and attention 
is being directed to them. 

Active Vessels.—‘* Naturally active’’ vessels can be produced 
artificially by leaving glass tubes to soak for long periods in a 
mixture of colloidal platinum and gelatin in hydrochloric acid. 
Such tubes have the properties of the original vessel in which the 
first observations were made, in that no additional activating 
agent is required. One vessel which had soaked for 3 months gave 
with aluminium in 3N-hydrochloric acid Record 127. Success in 
this direction has also been achieved by soaking a. vessel in lead 
acetate solution for 10 months. These observations confirm the 
view that the natural activity of certain vessels is due to activating 
material adsorbed on the inner surface. 

In many of these cases the production of waves is preceded by 
an induction period, which usually lasts for about } hour. The 
periods do not commence until the initial vigour of the reaction 
has subsided. This is quite evident in graphs A and C of the 
previous paper; the records do not illustrate this point, since 


only small samples cut from the original records are shown. The 
length of this induction period is very variable and is sometimes 
as long as 2 hours in colloid systems, whilst it is often absent in 
systems involving a second metallic component. 


Summary. 

Four new periodic reactions are given and a study is made of 
the conditions favouring regular wave formation when metals are 
used as activating agents. The chief factor appears to be a uniform 
surface, which is best produced by chemical or electrolytic deposition. 
In the latter case the effects of varying current density and duration 
have been studied and the frequency of the waves is found to 
increase with decreasing amounts of the activating agent. The 
process of activation has been discussed and further evidence has 
been adduced to show that the active form of a metal is associated 
with a close-grained or amorphous structure. Methods for preparing 
artificially “‘ naturally active ’’ vessels have been given. 


The authors desire to acknowledge the assistance derived from 
grants made by the Chemical Society and Messrs. Brunner Mond 
and Co., Ltd. 


THe UNIVERSITY OF MANCHESTER. [Received, December 11th, 1924.] 
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LXV.—The Addition of Ethyl Malonate to Anils. 
By Epwarp JoHNSON WAYNE and JuLIus BrEREND COHEN. 


By the action of ethyl acetoacetate on benzylideneaniline, Schiff 
(Ber., 1898, 31, 205) obtained an addition compound which he 
claimed to have isolated in a keto, a keto-enol and an enol form. 
Similar compounds were obtained from a large number of 1 : 3-di- 
ketones, the majority being isolated in three forms (ibid., 605, 
1385). Benzylideneaniline was used in these reactions, but Schiff 
states that all anils may be employed with the exception of 
salicylideneanils and he gives details of the reaction between 
benzylidene-8-naphthylamine and ethyl acetoacetate (ibid., 1389). 
Francis (J., 1899, 75, 865; 1900, 77, 1191; 1902, 81, 441, 956) 
investigated the addition of dibenzyl ketone and deoxybenzoin to 
anils, using in addition to benzylideneaniline, benzylidene-p-toluidine, 
m-nitrobenzylideneaniline and benzylidene-m-nitroaniline. With 
the substituted anils, much diminished yields were obtained and 
benzylidene-o-toluidine in precisely similar circumstances gave no 
yield of addition product at all. In view of these observations, it 
‘Vas thought of interest to see if all ortho-substituted anils were 
incapable of combining with 1 : 3-diketones and to determine in 
general the effect of substitution. Difficulties in the choice of a 
suitable diketone, however, soon arose, the majority being unsuit- 
able because of the existence of Schiff’s ‘“‘ keto,” “‘ keto-enol,” and 
“enol” forms of the product, upon the nature of which subsequent 
research had thrown doubts. As the result of the work of several 
investigators, notably Rabe (Ber., 1902, 35, 3947) and Francis 
(Ber., 1903, 36, 937; J., 1904, 85, 998) it was shown that, although 
it is probable that two modifications, a ‘“‘ keto’ and an “ enol” 
form, exist, it is very difficult, if not impossible, to obtain them 
in a condition approaching purity, a mixture of the two generally 
resulting. In some preliminary experiments, in which ethy] aceto- 
acetate, ethyl acetonedicarboxylate, and acetylacetone on the one 
hand and various anils on the other were used, products of constant 
melting point could not be obtained. Ethyl malonate was eventually 
selected as a 1 : 3-diketone, since the products from its union with 
anils are incapable of existing in tautomeric forms owing to the 
instability of the grouping CO,Et-C:C(OH)-OEt. 

The reaction between ethyl malonate and anils is dependent upon 
the unsaturated nature of the latter and is formulated : 


RCH:NX + CH,(CO,Et), = R-CH(NHX)-CH(CO,Et),. 
Thus benzylideneaniline and ethyl malonate react to give 


Ph-CH(NHPh)-CH(CO,Et),. The same compound is obtained 
from aniline and ethyl benzylidenemalonate and was prepared in 
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this way by Goldstein (Ber., 1895, 28, 1450), who also made similar 
compounds from o- and p-toluidine and phenylhydrazine on the 
one hand and ethyl benzylidenemalonate on the other. In the 
following series of experiments the attempt was made to form such 
addition compounds from a variety of anils and ethyl malonate. 
The addition compounds so formed have been compared with the 
same compounds prepared from the appropriate base and ethyl 
benzylidenemalonate or substituted ethyl benzylidenemalonate 
wherever possible. A trace of piperidine was generally added to 
the reaction mixture, as it seemed to hasten the formation of the 
final product. The results of the experiments seem to show that 
this reaction is very sensitive to changes in the nature of the radicals 
attached to the grouping >C:N-. In the general formula for anils, 
R’R”C.NR’”’, no compound was formed where R’” -was aliphatic 
in nature nor where R’R’’R’” were all aromatic. Indeed, compounds 
with malonic esters could only be obtained from substituted 
benzylideneanilines and then not in all cases. From phenyl- 
hydrazones, where R’ is NHX, no addition compounds were 
obtained, although the anticipated product can be made by the 
addition of phenylhydrazine to ethyl benzylidenemalonate. Benzyl- 
ideneaniline and benzylidene-m- and -p-toluidines react most 
readily. Ortho-substituted benzylideneanilines examined did not 
react at all with the exception of benzylidene-o-aminobenzoic acid. 
The addition compound could sometimes be prepared from the base 
and ethyl benzylidenemalonate, and where possible it was made 
in this way. The nitro-group seems to have an inhibiting effect 
on the reaction, either no product (m-nitrobenzylideneaniline and 
benzylidene-p-nitroaniline) or a small yield (benzylidene-m-nitro- 
aniline) being obtained. This agrees with the observations of 
Miller and Pléchl (Ber., 1892, 25, 2056) and of Morgan (J., 1900, 
77, 1210), who found that in the case of the addition of anhydrous 
hydrogen cyanide to anils the nitro-group either prevented the 
reaction or diminished the yield. It does not seem to be associated 
with the character of the nitro-group as a strongly negative radical, 
since carboxyl-substituted anils react quite readily to give a fair 
yield of addition product. From ethyl m-nitrobenzylidenemalonate 
and aniline, as also from ethyl benzylidenemalonate and o- and 
p-nitroanilines, no product could be isolated, whereas ethyl benzy]l- 
idenemalonate readily reacted with o-, m-, and p-aminobenzoic 
acids. There is some resemblance between this state of affairs 
and that which obtains during the formation of the respective 
anils from the aldehyde and base. Benzaldehyde and p-amino- 
benzoic acid react very readily indeed, with the production of heat 
and almost immediate formation of the anil, whereas benzylidene- 
p-nitroaniline is one of the most difficult anils to obtain, the reagents 
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Menthyl malonate. 


Anil. Yield %. M. p. 
Benzylideneaniline 200—201 


Benzylidene-aniline 114:5 
a -o-toluidine — 
ee -m-toluidine 107—108-5 
-p-toluidine 120—121 


* These are the m. p.’s of the anticipated compound made by the addition 
of the amine to the ethyl benzylidenemalonate. 


EXPERIMENTAL. 


The general method employed was to add a slight excess of 
ethyl or methyl malonate plus a small amount (0-05 to 0-2 c.c.) of 
piperidine to the anil, warming until solution or melting took place. 
The liquid so obtained in a few cases yielded the addition compound 
on standing, but in general it had to be heated on the water-bath 
for periods varying from 1 to 20 hours. The addition compound 
separated out on cooling and allowing to stand in some cases; in 
others, the unchanged anil (if a solid) separated out. In the case 
of liquid anils which had not reacted, a considerable amount could 
usually be recovered as the picrate, it being observed that anils 
(excepting carboxy-substituted anils) form picrates very readily 
whereas the malonic ester addition compounds fail to do so at all. 
In cases where the m. p. of an anil and of its malonic ester addition 
product did not differ considerably, this property afforded a useful 
test. In preparing the addition compounds for comparison from 
ethyl benzylidenemalonate and the appropriate base, the two, 
dissolved in a little solvent (usually benzene or methyl alcohol), 
were left at the ordinary temperature for some time. If no reaction 
product separated, the solvent was evaporated and the mixture 
heated on the water-bath for some hours. The identity of the 
product obtained by the two different methods was ensured by the 
similarity of crystalline form and by mixed m. p. determinations. 

Ethyl 8-Anilinobenzylmalonate.—Equal weights of benzylidene- 
aniline and ethyl malonate were left at the ordinary temperature 
for 24 hours, when the mass became solid. Recrystallised from 
alcohol, the compound was obtained in 85% yield. It agreed in 
its properties with that obtained from ethyl benzylidenemalonate 
and aniline by Goldstein (Ber., 1895, 28, 1450) (Found: N = 4-21. 
Calc., N = 4:12%). It is not, however, so soluble in alcohol as 
he seems to indicate. It may be obtained in 50% yield by heating 
equivalent amounts of benzaldehyde, aniline, and ethyl malonate 
on the water-bath with a little piperidine for 2—3 hours. On 
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rendering an aqueous solution of the potassium salt just acid with 
dilute acetic acid, a precipitate having the m. p. and properties of 
benzylideneaniline was gradually produced. Goldstein (loc. cit.) 
states that benzaldehyde, aniline, and malonic acid are obtained 
in this way. On distillation in a vacuum (30 mm.), the ester 
decomposes completely into benzylideneaniline and ethy] malonate. 

Ethyl 8-0-toluidinobenzylmalonate was obtained in the same way as 
by Goldstein (loc. cit.); m.p.67—68°. Benzylidene-o-toluidine and 
ethyl malonate yielded no addition compound even on seeding, and 
after 5 hours’ heating on the water-bath 90% of anil was recovered 
as the pale yellow picrate, m. p. (with blackening) 203—205°. 

Ethyl -m-Toluidinobenzylmalonate.—Benzylidene-m-toluidine (1-2 
g.) and ethyl malonate (1-0 g.) were left at room temperature for 
24 hours, when the mass solidified. Recrystallised.from alcohol, 
80% of addition compound was obtained as colourless needles, 
m. p. 91—92°. Ethyl benzylidenemalonate and m-toluidine in 
molecular proportions yielded the sathe product on standing for 
24 hours (Found: N = 4-08. C,,H,;0,N requires N = 3-94%), 
The hydrochloride formed by passing dry hydrogen chloride into 
an ethereal solution separates as colourless needles, m. p. 103— 
105°. 

From neither benzylidene-2 : 4-xylidine and ethyl malonate nor 
from ethyl benzylidenemalonate and 2 : 4-xylidine could addition 
compounds be obtained. 

Ethyl §-a-naphthylaminobenzylmalonate could not be obtained 
from the anil. «-Naphthylamine (0-8 g.) and ethyl benzylidene- 
malonate (1-4 g.) were heated on the water-bath for 6—8 hours 
and left to stand several days, when the addition compound 
gradually separated. After two recrystallisations from alcohol, it 
was obtained as colourless, odourless, irregular prisms, m. p. 91-5— 
92° (Found: N = 3-76. C,,H,;0,N requires N = 3-58%). 

Ethyl  8-8-Naphthylaminobenzylmalonate.—Benzylidene-8-naph- 
thylamine (0-8 g.) and ethyl malonate (0-5 g.) were heated on the 
water-bath for 20 hours. On cooling, the addition product separated 
mixed with unchanged anil. It forms colourless, matted needles 
(from alcohol), sparingly soluble in cold, readily in hot, alcohol; 
m. p. 129—130° (Found: N = 3-59. C,,H,,0,N requires N = 
358%). The same compound was obtained by heating molecular 
proportions of ethyl benzylidenemalonate and 8-naphthylamine on 
the water-bath for an hour, or benzaldehyde, §-naphthylamine, 
ethyl malonate and a little piperidine for 8 hours. 

Ethyl g-Anilino-p-tolylmalonate.—p-Tolylideneaniline (1-0 g.) and 
ethyl malonate (0-8 g.), heated at 100° for 6 hours, yielded the 
addition compound on allowing to stand and scratching vigorously. 
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LXV.—The Addition of Ethyl Malonate to Anils. 


By Epwarp JoHNsoN WayYNE and JuLIus BEREND COHEN. 


By the action of ethyl acetoacetate on benzylideneaniline, Schiff 
(Ber., 1898, 31, 205) obtained an addition compound which he 
claimed to have isolated in a keto, a keto-enol and an enol form. 
Similar compounds were obtained from a large number of 1 : 3-di- 
ketones, the majority being isolated in three forms (ibid., 605, 
1385). Benzylideneaniline was used in these reactions, but Schiff 
states that all anils may be employed with the exception of 
salicylideneanils and he gives details of the reaction between 
benzylidene-$-naphthylamine and ethyl acetoacetate (ibid., 1389). 
Francis (J., 1899, 75, 865; 1900, 77, 1191; 1902, 81, 441, 956) 
investigated the addition of dibenzyl ketone and deoxybenzoin to 
anils, using in addition to benzylideneaniline, benzylidene-p-toluidine, 
m-nitrobenzylideneaniline and benzylidene-m-nitroaniline. With 
the substituted anils, much diminished yields were obtained and 
benzylidene-o-toluidine in precisely similar circumstances gave no 
yield of addition product at all. In view of these observations, it 
‘vas thought of interest to see if all ortho-substituted anils were 
incapable of combining with 1 : 3-diketones and to determine in 


general the effect of substitution. Difficulties in the choice of a 
suitable diketone, however, soon arose, the majority being unsuit- 
able because of the existence of Schiff’s “ keto,” ‘‘ keto-enol,”’ and 
“enol ” forms of the product, upon the nature of which subsequent 
research had thrown doubts. As the result of the work of several 
investigators, notably Rabe (Ber., 1902, 35, 3947) and Francis 
(Ber., 1903, 36, 937; J., 1904, 85, 998) it was shown that, although 


ce 


it is probable that two modifications, a ‘“‘ keto’ and an “ enol” 
form, exist, it is very difficult, if not impossible, to obtain them 
in a condition approaching purity, a mixture of the two generally 
resulting. In some preliminary experiments, in which ethyl aceto- 
acetate, ethyl acetonedicarboxylate, and acetylacetone on the one 
hand and various anils on the other were used, products of constant 
melting point could not be obtained. Ethyl malonate was eventually 
selected as a 1 : 3-diketone, since the products from its union with 
anils are incapable of existing in tautomeric forms owing to the 
instability of the grouping CO,Et-C:C(OH)-OEt. 

The reaction between ethyl malonate and anils is dependent upon 
the unsaturated nature of the latter and is formulated : 


RCH:NX + CH,(CO,Et), = R-CH(NHX)-CH(CO,Et),. 
Thus benzylideneaniline and ethyl malonate react to give 


Ph-CH(NHPh)-CH(CO,Et),. The same compound is obtained 
from aniline and ethyl benzylidenemalonate and was prepared in 
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this way by Goldstein (Ber., 1895, 28, 1450), who also made similar 
compounds from o- and p-toluidine and phenylhydrazine on the 
one hand and ethyl benzylidenemalonate on the other. In the 
following series of experiments the attempt was made to form such 
addition compounds from a variety of anils and ethyl malonate. 
The addition compounds so formed have been compared with the 
same compounds prepared from the appropriate base and ethyl 
benzylidenemalonate or substituted ethyl benzylidenemalonate 
wherever possible. A trace of piperidine was generally added to 
the reaction mixture, as it seemed to hasten the formation of the 
final product. The results of the experiments seem to show that 
this reaction is very sensitive to changes in the nature of the radicals 
attached to the grouping >C:N-. In the general formula for anils, 
R’R” CNR’, no compound was formed where R’” was aliphatic 
in nature nor where R’R’’R’” were all aromatic. Indeed, compounds 
with malonic esters could only be obtained from substituted 
benzylideneanilines and then not in all cases. From phenyl- 
hydrazones, where R’ is NHX, no addition compounds were 
obtained, although the anticipated product can be made by the 
addition of phenylhydrazine to ethyl benzylidenemalonate. Benzyl- 
ideneaniline and benzylidene-m- and -p-toluidines react most 
readily. Ortho-substituted benzylideneanilines examined did not 
react at all with the exception of benzylidene-o-aminobenzoic acid. 
The addition compound could sometimes be prepared from the base 
and ethyl benzylidenemalonate, and where possible it was made 
in this way. The nitro-group seems to have an inhibiting effect 
on the reaction, either no product (m-nitrobenzylideneaniline and 
benzylidene-p-nitroaniline) or a small yield (benzylidene-m-nitro- 
aniline) being obtained. This agrees with the observations of 
Miller and Pléchl (Ber., 1892, 25, 2056) and of Morgan (J., 1900, 
77, 1210), who found that in the case of the addition of anhydrous 
hydrogen cyanide to anils the nitro-group either prevented the 
reaction or diminished the yield. It does not seem to be associated 
with the character of the nitro-group as a strongly negative radical, 
since carboxyl-substituted anils react quite readily to give a fair 
yield of addition product. From ethyl m-nitrobenzylidenemalonate 
and aniline, as also from ethyl benzylidenemalonate and o- and 
p-nitroanilines, no product could be isolated, whereas ethyl benzyl- 
idenemalonate readily reacted with o-, m-, and p-aminobenzoic 
acids. There is some resemblance between this state of affairs 
and that which obtains during the formation of the respective 
anils from the aldehyde and base. Benzaldehyde and p-amino- 
benzoic acid react very readily indeed, with the production of heat 
and almost immediate formation of the anil, whereas benzylidene- 
p-nitroaniline is one of the most difficult anils to obtain, the reagents 
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having to be heated for several hours at 140°. The accumulation 
of substituents seems to diminish the reactivity of anils towards 
ethyl malonate, for whereas anisylideneaniline gives a good yield 
of addition compound, both anisylidene-p-toluidine and anisylidene- 
6-naphthylamine fail to give any at all; similarly, p-tolylidene- 
aniline gives an addition compound, whereas p-tolylidene-p-toluidine 
does not. In fact, whereas anisylideneaniline and ethyl malonate 
yield the same compound as is obtained from aniline and ethyl 
anisylidenemalonate, the latter compound yields with p-toluidine 
and -naphthylamine the respective anil and ethyl malonate. 
Anisylideneaniline and benzylidene-p-anisidine both gave good 
yields of addition compound, but none was formed from the corre- 
sponding o-methoxy-compounds. By prolonged heating at 100°, 
salicylideneaniline and ethyl malonate gave a small quantity of a 
compound with a m, p. considerably higher than those usually 
obtained for these addition compounds. On examination, it proved 
to be the anilide of coumarincarboxylic acid and was identified by 
comparison with specimens prepared from both coumarincarboxylic 
acid and ethyl coumarincarboxylate and aniline. 


OH <0—00 
CHS Crph + CHa(COsEt), —> CohiS our fico nt) + 


y T O—CO 
as is + PhNH, —> CoH op. (CO -NHPh) + EtOH. 

A similar result was obtained with salicylidene-p-toluidine, which 
gave the p-toluidide of coumarincarboxylic acid. The first stage 
of the reaction as formulated above, 1.e., the production of a sub- 
stituted benzylidene ester plus the amine from the anil and ethyl 
malonate, was also observed in the case of p-dimethylaminobenzyl- 
idene-aniline and -8-naphthylamine, where by the action of ethyl 
malonate on the anil in the presence of piperidine a little ethyl 
p-dimethylaminobenzylidenemalonate was isolated along with much 
unchanged anil. It was found impossible to obtain any addition 
compound in the case of anils substituted with the basic dimethy]- 
amino-group. Indeed ethyl benzylidenemalonate and dimethy]- 
p-phenylenediamine (p-aminodimethylaniline) react very readily 
in the cold to give the anil and ethyl malonate. Ethyl p-dimethy]- 
aminobenzylidenemalonate and aniline, on heating for 3—4 hours 
at 100°, yielded the anil. It thus appears that this reaction is 
to some extent reversible, as in the presence of piperidine the pro- 
duction of the substituted benzylidene ester from the anil and ethyl 
malonate was observed. Knoevenagel (Ber., 1898, 31, 2596), by 
heating anils and malonic acid, found that in general the amine 
together with the corresponding benzylidenemalonic acid (or 
cinnamic acid by loss of carbon dioxide) was produced. 
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In view of the fact that Francis and Taylor (Ber., 1903, 36, 941) 
observed that methyl acetoacetate and benzylideneaniline reacted 
much less readily than the ethyl ester with the production of a 
very much smaller amount of addition product (only about 16% 
of pure product), the reaction between methyl malonate and 
benzylideneaniline was investigated. In this case, the addition 
compound was obtained with equal ease and with only slightly 
less yield than in the case of the ethyl ester. Similar results were 
obtained with benzylidene-m- and -p-toluidines; with benzylidene- 
o-toluidine and methyl malonate, as with the ethyl ester, no reaction 
took place. Menthyl malonate, which was also used in a reaction 
of this type, gave a much smaller yield of addition product with 
benzylideneaniline. Francis (J., 1904, 85, 998) succeeded in 
obtaining an addition compound from ethyl methylacetoacetate 
and benzylideneaniline. From ethyl ethylmalonate, as also from 
ethyl nitromalonate, and benzylideneaniline it was found impossible, 
in spite of several attempts, to obtain any addition compound. 

The following is a list of anils which have been investigated in 
their reaction with malonic esters together with the m. p. and 
approximate yield, usually the average of two experiments, of the 


product. 
Ethyl Malonate. 


Anil. Yield %. M. p. 
Benzophenone anil . _ 
Benzylidenemethylamine — 

-aniline f 100—101° 
-o-toluidine v 67—68 * 
-m-toluidine 91—92 
-p-toluidine 80—82 
-2 : 4-xylidine —_ 
-a-naphthylamine 91-5—92 * 
-B-naphthylamine 129—130 
p- Tolylidene- -aniline 88—90 
* -p-toluidine ' v — 
Benzylidene-o-nitroaniline _ 
+ -m-nitroaniline 99—101 
-p-nitroaniline N _— 
m-Nitrobenzylideneaniline — 
Benzylidene-o-aminobenzoic acid 116—117:5 
-m-aminobenzoic acid 137—137-5 
-p-aminobenzoic acid 164—164:5 
-p-bromoaniline 5 84-5—85-5 
-p-chloroaniline 81—82 
Salicylideneaniline Gave coumarincarboxyanilide. 
-p-toluidine Gave coumarincarboxy-p-toluidide. 
o- Methoxybenzylideneaniline v _ 
p-Methoxybenzylideneaniline 81—82-5 
Benzylidene-o-methoxyaniline 68—68-5 * 
-p-methoxyaniline 97—99 
p-Methoxybenzylidene-p- -toluidine ... —_ 
-B-naphthylamine — 
p-Dimethylaminobenzylideneaniline .. — 
om -f-naphthyl. 
amine ... —_ 


Benzylidene-p-aminodimethylaniline . _ 


WAYNE AND COHEN : 


Menthyl malonate. 


Anil. Yield %. M. p. 
Benzylideneaniline 200—201 


Benzylidene-aniline 114-5 
* -o-toluidine a 
ee -m-toluidine 70 107—108-5 
a -p-toluidine 120—121 


* These are the m. p.’s of the anticipated compound made by the addition 
of the amine to the ethyl benzylidenemalonate. 


EXPERIMENTAL. 


The general method employed was to add a slight excess of 
ethyl or methyl malonate plus a small amount (0-05 to 0-2 c.c.) of 
piperidine to the anil, warming until solution or melting took place. 
The liquid so obtained in a few cases yielded the addition compound 
on standing, but in general it had to be heated on the water-bath 
for periods varying from 1 to 20 hours. The addition compound 
separated out on cooling and allowing to stand in some cases; in 
others, the unchanged anil (if a solid) separated out. In the case 
of liquid anils which had not reacted, a considerable amount could 
usually be recovered as the picrate, it being observed that anils 
(excepting carboxy-substituted anils) form picrates very readily 
whereas the malonic ester addition compounds fail to do so at all. 
In cases where the m. p. of an anil and of its malonic ester addition 
product did not differ considerably, this property afforded a useful 
test. In preparing the addition compounds for comparison from 
ethyl benzylidenemalonate and the appropriate base, the two, 
dissolved in a little solvent (usually benzene or methyl alcohol), 
were left at the ordinary temperature for some time. If no reaction 
product separated, the solvent was evaporated and the mixture 
heated on the water-bath for some hours. The identity of the 
product obtained by the two different methods was ensured by the 
similarity of crystalline form and by mixed m. p. determinations. 

Ethyl B-Anilinobenzylmalonate—Equal weights of benzylidene- 
aniline and ethyl malonate were left at the ordinary temperature 
for 24 hours, when the mass became solid. Recrystallised from 
alcohol, the compound was obtained in 85% yield. It agreed in 
its properties with that obtained from ethyl benzylidenemalonate 
and aniline by Goldstein (Ber., 1895, 28, 1450) (Found: N = 4-21. 
Calc., N = 4:12%). It is not, however, so soluble in alcohol as 
he seems to indicate. It may be obtained in 50% yield by heating 
equivalent amounts of benzaldehyde, aniline, and ethyl malonate 
on the water-bath with a little piperidine for 2—3 hours. On 
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rendering an aqueous solution of the potassium salt just acid with 
dilute acetic acid, a precipitate having the m. p. and properties of 
benzylideneaniline was gradually produced. Goldstein (loc. cit.) 
states that benzaldehyde, aniline, and malonic acid are obtained 
in this way. On distillation in a vacuum (30 mm.), the ester 
decomposes completely into benzylideneaniline and ethyl malonate. 

Ethyl 8-0-toluidinobenzylmalonate was obtained in the same way as 
by Goldstein (loc. cit.); m.p.67—68°. Benzylidene-o-toluidine and 
ethyl malonate yielded no addition compound even on seeding, and 
after 5 hours’ heating on the water-bath 90% of anil was recovered 
as the pale yellow picrate, m. p. (with blackening) 203—205°. 

Ethyl B-m-Toluidinobenzylmalonate.—Benzylidene-m-toluidine (1-2 
g.) and ethyl malonate (1-0 g.) were left at room temperature for 
24 hours, when the mass solidified. Recrystallised from alcohol, 
80% of addition compound was obtained as colourless needles, 
m. p. 91—92°. Ethyl benzylidenemalonate and m-toluidine in 
molecular proportions yielded the sathe product on standing for 
24 hours (Found: N = 4-08. C,,H,;0,N requires N = 3-94%), 
The hydrochloride formed by passing dry hydrogen chloride into 
an ethereal solution separates as colourless needles, m. p. 103— 
105°. 

From neither benzylidene-2 : 4-xylidine and ethyl malonate nor 
from ethyl benzylidenemalonate and 2 : 4-xylidine could addition 
compounds be obtained. 

Ethyl 8-a-naphthylaminobenzylmalonate could not be obtained 
from the anil. «-Naphthylamine (0-8 g.) and ethyl benzylidene- 
malonate (1-4 g.) were heated on the water-bath for 6—8 hours 
and left to stand several days, when the addition compound 
gradually separated. After two recrystallisations from alcohol, it 
was obtained as colourless, odourless, irregular prisms, m. p. 91-5— 
92° (Found : N = 3-76. C,,H,,0,N requires N = 3-58%). 

Ethyl _8-8-Naphthylaminobenzylmalonate—Benzylidene-B-naph- 
thylamine (0-8 g.) and ethyl malonate (0-5 g.) were heated on the 
water-bath for 20 hours. On cooling, the addition product separated 
mixed with unchanged anil. It forms colourless, matted needles 
(from alcohol), sparingly soluble in cold, readily in hot, alcohol; 
m. p. 129—130° (Found: N= 3-59. C,,H,,0,N requires N = 
3:58%). The same compound was obtained by heating molecular 
proportions of ethyl benzylidenemalonate and $-naphthylamine on 
the water-bath for an hour, or benzaldehyde, 8-naphthylamine, 
ethyl malonate and a little piperidine for 8 hours. 

Ethyl g-Anilino-p-tolylmalonate.—p-Tolylideneaniline (1-0 g.) and 
ethyl malonate (0-8 g.), heated at 100° for 6 hours, yielded the 
addition compound on allowing to stand and scratching vigorously- 
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It forms colourless needles from alcohol, m. p. 88—90°. Yield 50% 
(Found: N = 3-95. _ C,,H,;0,N requires N = 3-94%). 

Benzylidene-o-nitroaniline and ethyl malonate, heated at 100° for 
2—3 hours, yielded the unchanged anil. Longer heating yielded 
some o-nitroaniline. From o-nitroaniline and ethyl benzylidene- 
malonate no compound could be obtained. 

Kithyl 8-m-Nitroanilinobenzylmalonate.—Benzylidene-m-nitroanil- 
ine (0-9 g.) and ethyl malonate (0-6 g.) were heated for 12 hours on 
the water-bath. On standing, a mixture of addition compound 
and unchanged anil separated. Three recrystallisations from 
alcohol yielded sulphur-yellow, matted needles, m. p. 105—106°. 
Yield 15% (Found: N = 7:35. CypHo2.0,N, requires N = 7-25%). 
Ethyl benzylidenemalonate (1:3 g.) and m-nitroaniline (0°8 g.) 
yielded the same product in 40% yield by mixing hot alcoholic 
solutions and allowing to stand for a day. 

From neither m-nitrobenzylideneaniline and ethyl malonate nor 
from ethyl m-nitrobenzylidenemalonate and aniline could an 
addition compound be obtained in spite of several attempts. Con- 
siderable tendency to form a sticky product was shown in both 
cases, . 

Ethyl $-0-Carboxyanilinobenzylmalonate.—Benzylideneanthranilic 
acid (0-8 g.) and ethyl malonate (0-55 g.), heated for 8 hours at 
100°, yielded this compound on standing. Purified by precipitating 
a benzene solution with ligroin, it forms small prisms. It may be 
crystallised from alcohol, in which it is very soluble. Yield 45%, 
m. p. 116—117-5° (Found: N = 3-93. C,,H,,0,N requires N = 
3-73%). Ethyl benzylidenemalonate (1-3 g.) and anthranilic acid 
(0-7 g.), heated for 5 hours at 100°, yield the same product. 

Ethyl §-m-Carboxyanilinobenzylmalonate.-—Benzylidene-m-amino- 
benzoic acid (0-8 g.) and ethyl malonate (0-6 g.), heated for 5 hours 
at 100°, yielded the addition compound on seeding in 40% yield. 
Recrystallised twice from alcohol, it forms needles, m. p. 137— 
137-5° (Found: N= 3-68. C,,H.,0,N requires N = 3-73%). 
From ethyl benzylidenemalonate (1-3 g.) and m-aminobenzoic acid 
(0-7 g.) dissolved in hot alcohol and left to stand for a day, the 
compound was obtained in 80% yield. 

Ethyl -p-Carboxyanilinobenzylmalonate.—Benzylidene-p-amino- 
benzoic acid (1:2 g.) and ethyl malonate (1-2 g.), heated at just 
below the b. p. of the ethyl malonate till solution had occurred 
and then at 150° for } hour and finally on the water-bath for 8 hours, 
yielded a viscous mass, from which the addition compound was 
obtained on scratching and seeding. Recrystallised twice from 
alcohol, colourless, short needles, m. p. 164—164-5°, were obtained. 
Yield 40% (Found: C = 64:37; H=61. C,,;H,,0,N requires 
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C = 64:54;, H = 613%). Hot alcoholic solutions of ethyl benzyl- 
idenemalonate (1:3 g.) and p-aminobenzoic acid (0-7 g.) yielded 
70% of this compound on standing for a day. On treatment of 
an ethereal solution with dry hydrogen chloride, no hydrochloride 
could be obtained from this compound, probably on account of its 
acid character. 

Ethyl 8-p-Chloroanilinobenzylmalonate.—Benzylidene-p-chloroanil- 
ine (1-1 g.) and ethyl malonate (0-8 g.), heated for 8 hours at 100°, 
yielded 40% of addition compound. Recrystallised from methyl 
alcohol, it forms colourless needles, m. p. 81—82° (Found : N = 3-77. 
CypHy20,NCl requires N = 3-73%). p-Chloroaniline, heated with 
twice its weight of ethyl benzylidenemalonate at 100° for 3 hours, 
gave the same compound. 

Ethyl 8-p-Bromoanilinobenzylmalonate.—Benzylidene-p-bromoanil- 
ine (1-2 g.) and ethyl malonate (0-8 g.), heated at 100° for 6 hours, 
yielded 45% of addition compound. Recrystallised twice from 
alcohol, it forms colourless needles, m. p. 84:-5—85-5° (Found: 
N=3-41. C, )H,.0,NBr requires N = 3-33%). The same com- 
pound is obtained from ethyl benzylidenemalonate (1-2 g.) and 
p-bromoaniline (1-1 g.), heated for 3 hours at 100°. 

Action of Ethyl Malonate on Salicylideneaniline and Salicylidene- 
p-toluidine.—Salicylideneaniline and ethyl malonate in molecular 
amounts were warmed on the water-bath with a little piperidine 
for 24 hours. A small amount of a substance very sparingly soluble 
in boiling alcohol gradually separated, m. p. 238—-240°. The same 
substance was produced by heating molecular proportions of ethyl 
coumarincarboxylate and aniline on the water-bath for 24 hours, 
when the product was gradually deposited from the hot mixture. 
It was separated from unchanged ester by extraction of the latter 
with boiling alcohol and recrystallised from much ethyl acetate. 
It forms yellow needles, m. p. 240—241-5°, and is only very slightly 
soluble in ordinary solvents. Coumarincarboxylic acid and aniline 
react in a precisely similar fashion. The product is the anilide of 
coumarincarboxylic acid (Found: N = 5-25. Calc. for C,,H,,0,N, 
N = 5:28%). The substance is mentioned (D.R.-P. 172,724, 1905) 
as the product of the action of benzaldehyde on malonanilide, m. p. 
250° (no analysis given). 

In precisely similar fashion, salicylidene-p-toluidine yields the 
p-toluidide of coumarincarboxylic acid. Ethyl coumarincarboxylate 
and p-toluidine, heated at 100° for 24 hours, yield the same product 
in larger quantity. 

The p-toluidide of coumarincarboxylic acid is insoluble in the cold 
in alcohol, ether, benzene, or ligroin. It is slightly soluble in hot 
alcohol and more soluble in boiling’ ethyl acetate, from which it 
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can be crystallised. It forms yellow needles, m. p. 220—222° 
(Found: N= 5-02. C,,H,,0,N requires N = 5-10%). 

Ethyl 8-Anilinoanisylmalonate—Anisylideneaniline (1 g.) and 
ethyl malonate (0-8 g.) were heated for 12 hours at 100°. The 
compound deposited after keeping for a week was dissolved in a 
little benzene, in which it is very soluble, and ligroin added in 
considerable excess. After two such treatments, it was obtained 
as colourless needles, m. p. 81—82:5°. Yield 60% (Found: N = 
3°88. C,,H,,O;N requires N =3-77%). The same compound 
was prepared by heating anisylidenemalonic ester (1-4 g.) and 
aniline (0-7 g.) at 100° for 2—3 hours. Yield 20%. 

Ethyl 8-0-anisidinobenzylmalonate could not be obtained from the 
anil and ethyl malonate, but was prepared by heating o-anisidine 
(1-25 g.) with ethyl benzylidenemalonate (2-5 g.) for 6 hours at 100°. 
The product separated out after several weeks and was crystallised 
from a mixture of two parts of benzene and one of ligroin. Colour- 
less prisms, m. p. 68—68-5°, were thus obtained, very soluble in 
alcohol, ether, or benzene, less soluble in ligroin (Found : N = 3-82. 
C,,H,;0;N requires N = 3-77%). 

Ethyl 8-p-anisidinobenzylmalonate was obtained from benzylidene- 
p-anisidine (0-75 g.) and ethyl malonate (0-6 g.) after 4 hours’ heat- 
ing at 100°. Recrystallised from methyl alcohol, it forms colourless 
needles, m. p. 97—99°. Yield 65% (Found: N = 3-93. C,,H,,0,N 
requires N = 3-77%). From molecular quantities of ethyl benzyl- 
idenemalonate and p-anisidine in hot methyl alcohol the same 
product separates, after 24 hours’ standing, in 55% yield. 

Action of Ethyl Anisylidenemalonate on p-Toluidine and B-Naph- 
thylamine.—Anisylidene-p-toluidine and _ anisylidene-8-naphthy]- 
amine yielded unchanged anil after several hours’ heating with 
ethyl malonate. Ethy] anisylidenemalonate (0-7 g.) and p-toluidine 
(0-35 g.), heated for 5 hours on the water-bath, yielded, on cooling, 
a solid, proved to be identical with anisylidene-p-toluidine by 
mixed m. p. determinations on the compounds and the picrates. 
Anisylidene-p-toluidine picrate is yellow and separates from alcohol 
in needles, m. p. 178—180°. Ethyl anisylidenemalonate and 
8-naphthylamine react similarly. The picrate of the anil is yellow; 
m. p. 185—186°. 

Action of Ethyl p-Dimethylaminobenzylidenemalonate on Aniline 
and $-Naphthylamine.—On heating p-dimethylaminobenzylidene- 
aniline (1-1 g.) and ethyl malonate (0:8 g.) for 8—10 hours at 100° 
in the presence of piperidine, no addition compound could be 
detected, but a small amount (about 0-1 g.) of ethyl p-dimethy]l- 
aminobenzylidenemalonate was obtained. On heating the latter 
compound with aniline on the water-bath with or without piperidine, 
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the anil was obtained and identified by a mixed m. p. determination 
and the formation of the picrate. With $-naphthylamine and its 
anil, similar results were obtained. 

Ethyl p-Dimethylaminobenzylidenemalonate.—p-Dimethylamino- 
benzaldehyde (3 g.) and ethyl malonate (3-2 g.) with the addition 
of 5 drops of piperidine were heated on the water-bath for 16 hours. 
Recrystallised twice from alcohol, glistening, light yellow prisms 
were obtained, m. p. 110—110-5°. Yield 55% (Found: N = 4-96. 
C,gH,,0,N requires N = 4-81%). 

Benzylidenemalonic ester (0-40 g.) and p-aminodimethylaniline 
(0-65 g.), on mixing in the cold, immediately deposited the anil, 
which was identified by the usual tests. 

Menthyl B-Anilinobenzylmalonate-—Benzylideneaniline (1 g.) was 
heated with menthyl malonate (2 g.) (Hilditch, J., 1909, 95, 1579) 
and a trace of piperidine for 6 hours at 100°, when the addition 
compound separated from the hot mixture. The unchanged anil 
and ester were dissolved out with hot alcohol, in which the product 
is practically insoluble. Purified by dissolving in warm benzene 
and precipitating with ligroin, it was obtained in matted needles, 
m. p. 200—201°. The yield was only 10% in one experiment and 
15% in another. The same product was obtained by warming 
menthyl benzylidenemalonate and aniline on the water-bath for 
3 hour (Found: C=764; H=8-86. (C,,H;,0,N requires 
C=770; H = 9-1%). 

Menthyl benzylidenemalonate was prepared by heating 2 g. of 
menthyl malonate and 0-5 g. of benzaldehyde with the addition of 
0-2 c.c. of piperidine for 6 hours at 100°. The product separated 
from alcohol in short needles, m. p. 94-5—95-5°. Yield 40% (Found : 
C = 77-12; H=9-6. C,9H,,0, requires C = 76-93; H = 9:4%). 

Methyl 8-Anilinobenzylmalonate.—Benzylideneaniline (0-9 g.) and 
methyl malonate (0-7 g.) were kept for 24 hours at the ordinary 
temperature, when a solid mass was obtained. Recrystallised twice 
from methyl alcohol, small needles, m. p. 114—115°, in 65% yield, 
were obtained agreeing in properties with the compound obtained 
by Blank (Ber., 1895, 28, 146) by the addition of aniline to methyl 
benzylidenemalonate. 

Methyl 8-m-Toluidinobenzylmalonate.—Benzylidene-m-toluidine 
(1 g.) and methyl malonate (0-7 g.) yielded the compound in 70% 
yield after 2 days’ standing. Purified twice by addition of ligroin 
to a cold benzene solution, colourless needles, m. p. 107—108°5°, 
were obtained (Found: N = 4:39. C,,H,,0,N requires N = 4:28%). 

Methyl -p-toluidinobenzylmalonate, prepared in precisely similar 
fashion in 70% yield, separated as colourless needles, m. p. 120— 
121° (Found: N = 4-41. C, 9H,,0,N requires N = 4:28%). 
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The following anils are not described in the literature. p-Di- 
methylaminobenzylidene - 8 - naphthylamine.—p -Dimethylaminobenz- 
aldehyde (1-5 g.) and $-naphthylamine (1:4 g.), dissolved in hot 
alcohol, were mixed, when the product separated immediately. 
Recrystallised from much alcohol, bright yellow needles were 
obtained, m. p. 164—165° (Found: N = 10-02. C, H,,N, requires 
N = 10-21%). 

p-Dimethylaminobenzylidene-p-aminobenzoic acid, prepared by mix- 
ing hot alcoholic solutions of the components, using 0-9 g. of amino- 
acid to 1-1 g. of aldehyde, separated immediately as irregular 
crystals, m. p. 261—262° (decomp.). It is insoluble in hot or cold 
benzene, chloroform, or ligroin and sparingly soluble in hot alcohol 
(Found: N = 10-6. C,,H,,0O,N, requires N = 10-45%). 

Anisylidene-p-aminobenzoic acid was obtained by mixing hot 
alcoholic solutions of anisaldehyde (1-9 g.) and p-aminobenzoic acid 
(2-0 g.). From alcohol, it separates in tufts of needles, m. p. 194— 
195° (Found: N = 5-58. ©,;H,,0,N requires N = 5-49%). 

Benzylidene-m-toluidine is described by Law (J., 1912, 101, 158) 
as a liquid boiling at 315°. By using purified benzaldehyde and 
m-toluidine, a solid was obtained, m. p. 30—32°, very soluble in all 
organic solvents. 

p-Tolylideneaniline, also prepared by Law (loc. cit.), was obtained 
as a solid, m. p. 46-5—48°, after freeing from liquid by pressing on 
porous plates. It also is extremely soluble in all ordinary organic 
solvents. 


The authors desire to acknowledge a grant from the Chemical 
Society which has defrayed part of the cost of this research. 
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LXVI.—The Chemistry of the Glutaconic Acids. Part 
XVIII. Three-carbon Tautomerism in the cyclo- 
Propane Series. Part IV. 


By Frank Ropert Goss, CHRISTOPHER Kerik INGOLD, and 
JOCELYN FIELD THORPE. 


ALTHOUGH the isomerism of the glutaconic acids has been under 
investigation for some time, interest has centred recently around 
eyclic glutaconic acids, such as the acid represented by formula (I) 
or (II), since it has been shown that the characteristics of gluta- 
conic isomerism reappear even although geometrical isomerism is 
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excluded by ring formation (Goss, Ingold, and Thorpe, J., 1923, 
123, 327, 3342; 1924, 125, 1927). 


a CH-00,H (-CO,H 


(I1.) (Ia). 


The acid occurs in one form, m. p. 200°, and although its addition 
reactions are fully explicable by means of formula (II), the non- 
committal formula (I) is used to recall the fact that this acid, in 
common with other glutaconic acids containing a mobile «a-hydrogen 
atom, gives rise to certain derivatives which conventional symbols 
cannot explain. Thus there are three series of esters. The so-called 
“normal ” esters are most closely related to the acid and hence 
are given the special formula (III), although their addition reactions 
(which in certain cases have been proved to occur without previous 
isomeric change) are explicable by means of formula (IV). This 
formula is reserved to distinguish the so-called “labile” esters, 
the addition products of which (so far as has yet been found) are 
identical with those of the corresponding normal esters. The 
“enol” esters have formula (V); they are yellow and weakly 
acidic, giving rise to yellow sodium salts and red iron salts. On 
the other hand, the “ normal” and “labile ” esters are colourless, 
neutral substances. The three series of esters are reversibly imter- 
convertible, the labile esters forming the connecting link between 
the other two series. 


SCOR meee? 5S . 
(TIL) (IV.) 
L) OH, 0G ne CH," <0. 2 ; 


:C(OH)-OR cc on 
(V.) CH, By O<GOOH CH,CH<H ee ava) 


2 


It is necessary to direct attention once again to these facts, 
because, in a recent communication (Annalen, 1924, 436, 135), 
Feist, whilst admitting that he has not yet prepared enough of 
the parent acid to be able to repeat any of this work on its esters, 
nevertheless expresses a general incredulity, not only as to our 
interpretation of the data, but also as to the facts themselves.* 
We have therefore repeated all the more important experiments 
described in our earlier papers, and have now to reaffirm that, so 
far as we are yet aware, the experimental facts previously recorded 
by us. are accurate; that, in particular, there is but one acid, 


* “Die Existenz einer Enolform ist an sich unwahrscheinlich,” eto. (loc. 
cit.). 
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although this gives rise to three series of esters related to the acid 
and to one another in the manner indicated. 


Identity of the Acid. 


Feist’s previous view that there are two isomeric acids, m. p.’s 
200° and 189°, having formule (II) and (IIa), has now undergone 
modification, since he has found that the preparation having m. p. 
189° displays reactions identical with those of the acid, m. p. 200°. 
There are therefore, according to Feist, two acids of formula (ID), 
the modification having m. p. 189° being produced by the reduction 
of the bromine-addition product of the form of m. p. 200°. We 
cannot confirm this result. We have repeated the experiment 
many times and have failed to detect any indication of the formation 
of a second isomeride. It is true that the crude reduction product, 
prepared under the conditions described by Feist, often melts about 
10—12° too low, but this is easily understood, since it contains, as 
a@ somewhat persistent impurity, a more fusible, saturated acid 
differing in empirical composition by two hydrogen atoms only. 
It is not easy to accomplish complete purification by crystallisation 
from water, but careful crystallisation from ether and certain other 
solvents quickly raises the m. p. to 200°. Feist’s supposed acid of 
m. p. 189° is therefore merely an impure preparation of the acid 
of m. p. 200°.* Naturally, all mixtures of the pure and impure 
speciments melt between the m. p.’s of their constituents; both 
pure and impure forms yield the same crystalline dibromide, 
m. p. 244°, the same methy] ester,t m. p. 32°, the same ethy] ester,{ 
m. p. 38—39°, and the same methyl ester dibromide, m. p. 77°. 
Feist claims to have observed small differences of m. p. amongst 
these derivatives, and also minute mixed-melting-point depressions. 
These small differences and depressions we have searched for and 
have been completely unable to observe.t 


* Compare Goss, Ingold, and Thorpe, J., 1923, 128, 339—340. 
{ Prepared through the silver salts as Feist describes. 
{ The following data may assist independent judgment as to the existence 
of these isomerides : 
Our 
Recorded by Feist (7. c.). observations. 
From From “ Both pre- 
acid, ** acid, parations and 
Derivative. m. p. 200°. m. p. 189°.” Mixture. mixture, 


M. p. M. p. M. p. 
Dibromide o3g° 234° 244° 
normal Methyl] ester 30:5 29—30 32 


normal Ethyl ester : 38 37—37°5  38—39 
Methyl ester dibromide 72 (motrecorded) 77 


ee ee ee ae lL 
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The Isomeric Esters. 


Feist has called in question the existence of the “enol” esters 
(V), but his remarks on this point (p. 461, footnote) may perhaps 
be disregarded, since he has not yet attempted to repeat their 
preparation. 

Feist further suggests that the “labile” isomerides have a 
different constitution, viz., the symmetrical formula ([Va), the 
“normal” esters having formula (IV). New evidence on this 
point is submitted in this paper, but it may be pointed out that we 
have already placed on record observations (disregarded by Feist) 
which prove that the labile esters cannot have the symmetrical 
constitution, since their addition products, which are identical 
with the addition products of the ‘‘ normal ” esters, are always of 
type (VI), never of type (VIa). It cannot be argued that the 
labile esters pass into normal esters prior to addition, because in 
some cases addition occurs to the labile esters more readily than 
to their normal isomerides. Further, the labile esters, despite 
their name, are really very stable,—a great deal more so than this 
type of hypothesis would require. Further, the addition product 
is still of type (VI), even although the addendum is one which 
should more readily attack the symmetrical structure ([Va) than 


the unsymmetrical structure (IV) (vide infra). 


(VL) CHyCX<f5O08e CH CH<fS COsH (via.) 


H-CO,H 

(Addendum = X—Y) 
Final proof, if that were needed, that the “ labile ’ esters cannot 
have the symmetrical formula is furnished by the observation that 
they can exist in optically active forms. Further, the fact that 
the “normal” esters, and, as Feist himself showed, the parent 
acid, can also display optical activity strikingly confirms the 
chemical evidence that the symmetrical structure (Ila and IVa) 
does not in any way enter into the chemistry of these substances. 
These considerations must also form an important check on all 
future speculations regarding the structure of the “normal” and 
“ labile ’ glutaconic esters ; for they prove that the mobile hydrogen 
atom does not occupy, and, under ordinary conditions, cannot 

even pass through, a completely symmetrical position. 


Y-CO,H 


Mobility of the Three-carbon System. 


One of the most remarkable characteristics of glutaconic iso- 
merism is that it can co-exist with tautomeric mobility, which, it 
must be supposed, would destroy any definite geometrical arrange- 
ment around the double linking. This indeed is one of the many 
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difficulties in the way of a geometrical interpretation of the iso- 
merism. The facts of the case are clearly brought out in the 
unsymmetrically substituted glutaconic esters such as «$-dimethy]l- 
glutaconic ester, to which, for the reason stated below amongst 
others, both formula (VII) and (VIII) must be given. This ester, 
moreover, exists in two well-defined forms, which are stable iso- 
merides and show little or no tendency to undergo interconversion 
even at moderately high temperatures. Both these forms react 
as though each had both formule; thus on treatment with ozone in a 
neutral solvent in the cold (Feist and Bauer, Annalen, 1922, 428, 68), 
each yields a mixture of the same two ozonides, (IX) and (X) : 
CO,Et-CHMe-CMe:CH:-CO,Et == CO,Et-CMe:CMe’CH,°CO,Et 
(VIL) (two forms) (VIII.) 


(IX.) em a ee ‘CO,Et ae (X.) 
3 3 

It is not possible, of course, to supply the same kind of proof 
of mobility in the case of symmetrically substituted glutaconic 
esters such as the esters (“ normal ” and “ labile ’’) of the acid (I); 
but, in view of the fact that the main characteristics of the iso- 
merism are reproduced throughout the series, the evidence obtained 
in the unsymmetrical cases must be regarded as bearing also on the 
symmetrical ones, including the cyclic individuals under discussion. 

Some new experiments confirming this conclusion are now 
recorded. The object of these was to synthesise isomeric acid- 
esters of the types (XI) and (XII) by the methods employed to 
obtain similar isomeric derivatives of camphoric acid and. other 
dibasic acids in which the two carboxyl groups are not equivalent. 
The products, however, proved to be not isomeric but identical. 


+ CH ne GH OO.R CSHC0H oxi 
OL) CHSC oo CHSC oon OH) 


Constitution of the Methyl Alcohol Addition Product. 


A strict proof of the constitution of this substance is of import- 
ance, because methyl alcohol is an addendum which would be 
expected to combine more readily * with the symmetrical individual 

* Note the greater additive power of esters of the type of fumaric ester, 
CO,R-CH:CH-CO,R, as compared with those of the type of crotonic ester, 
CH,°CH:CH-CO,R, towards addenda (H)-X. Perkin and Thorpe (J., 1901, 
79, 729) found that the reaction 


CH, _0-C0,Et C(OEt)-CO,Et 
CH,“ ‘€-CO,Et CO,Et 


took place with such ease that perceptible combination occurred even in 
dilute aqueous solution. 


CH. 
+EtOH —> yok 
CH; 


ite ak tt 2 tet oo Oh 2 foe Be 4s 
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(IVa) than with the unsymmetrical compound (IV); so that if 
(IVa) existed in solution, even as a phase in a tautomeric mixture, 
its presence would be shown by the formation of the addition 
product (XIII) rather than of (XIV). 


(XIIL) CH,-CH ot CH,C(OMe)< se ec (XIV.) 


The reaction used for the orientation of the methoxyl group was 
the now well-known isomeric change of hydroxycyclopropanes into 
open-chain ketones : 


o<fomm) ha — 


Fuming hydrochloric acid was employed, so that the methoxyl 
group was first hydrolysed to hydroxyl. The ketones to be expected 
from the two methoxy-acids (XIII) and (XIV) are «-keto-@-methyl- 
glutaric acid (XV) and acetosuccinic acid (XVI) respectively, but 
the latter acid, in the presence of hot mineral acid, would of course 
lose carbon dioxide, giving levulic acid (XVII). Actually levulic 
acid was the sole product, whence it follows that the addition of 
methyl alcohol must have taken place to structure (IV), and not 
to structure (IVa), which, as other experiments also have shown, 
is evidently absent from the mobile system. 


: CO-CO,H /CH-CO,H 
CH, CHS cH, c O,H CH,°CO cH, CO H CH,CO-CH,CH,°CO,H 


(XV.) (XVI. ) (XVIL) 


The Three Stereoisomeric 3-Methylcyclopropane-1 : 2-dicarboxylic 
Acids. 


In a previous paper of this series these three stereoisomeric acids 
are described * and their configurations determined. The con- 
figurations and m. p.’s are as follows (J., 1923, 123, 3342) : 


- 
Me) ead wo H 
CO, H 


trans, m. p. 195°, trans-cis, m. p. 147°. cis-cis, m. p. 108°. 


* The isomeride, m. p. 108°, had previously been obtained by Preiswerk 
(Ber., 1903, 36, 1085). 

{t This m. p., previously given as 132°, is depressed to an extraordinary 
degree by traces of water which are analytically inappreciable—a fact which 
Feist also noticed. After crystallisation from water, prolonged drying is 
required to raise the m. p. to its limiting and constant value, 147°. 

VOL. CXXVII. R 
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All three acids were investigated in considerable detail and the 
structures assigned are, we believe, correct. 

Feist was apparently in ignorance of this work when he ascribed 
(loc. cit.) the above three formule to three acids (not all of them 
identical with ours) which he had obtained by reduction either of 
the cyclopropene acid or of its dibromide. Postulating a cyclo- 
propane structure in each case, Feist assigned configurations: by 
following a certain very questionable line of reasoning based on the 
supposed difference between the dibromides of the pure and impure 
cyclopropene acids, which we have shown to be identical; and it 
is not surprising that from these false premises erroneous con- 
clusions should have been drawn, which, unless corrected, are 
likely to lead to much confusion. 

The only one of Feist’s three acids the composition and basicity 
of which were determined is that having m. p. 147°. There can 
be little doubt but that this is identical with ours and has the 
“ trans-cis ”’-configuration as indicated in the formula above.* 
The second acid, m. p. 94°, was not even analysed, but Feist boldly 
assumed its identity with Preiswerk’s acid, m. p. 108°. The third 
acid, m. p. 138—140°, was analysed, but its basicity was not 
determined. It seems, therefore, at least probable that either or 
both of these last two acids have some different constitution ; for the 
CH(CO,H): 
CH, 0 


last, especially, a lactonic structure, such as CHMe< 


(two isomeric forms), is obviously possible. 


EXPERIMENTAL. 


Optically Active Normal and Labile Ethyl Esters of 3-Methyl-A?- 
cyclopropene-1 : 2-dicarboxylic Acid.—The object of these experi- 
ments was to demonstrate the optical activity rather than to 
obtain numerical data for the rotatory powers, and the products 
were therefore not crystallised to constant rotation, as this was 
found to be very wasteful of material. The racemic acid was 
resolved by means of quinine and brucine, the alkaloids recom- 
mended by Feist (loc. cit.), the former being the more convenient 
for the preparation of the dextro-modification, and the latter for 
the preparation of the levo-form. The acids, the rotations of 
which in alcoholic solution are given below, were then converted 
into their silver salts, from which, by digestion with ethyl iodide, 
the active normal esters were produced. 

That these active esters actually belong to the normal series 
and contain no labile isomerides was proved by recombining the 
dextro- and levo-modifications to produce the racemic compound. 


* Feist assigned the “ trans ’’-configuration. 
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The active preparations, the rotations of which are given below, both 
melted at 55—56°. The inactive substance produced by their 
admixture had m. p. 38—39°, and did not lower the m. p. (also 
38—39°) of an authentic specimen of the racemic normal ester. 

The active normal esters, on distillation under ordinary pressure, 
yielded optically active, labile esters, which were proved to belong 
to the labile series, and to contain no trace of normal isomerides, 
by submitting them to the sodium ethoxide separation previously 
described (Goss, Ingold, and Thorpe, J., 1923, 123, 351, method 
No. 3). 

The following rotations were taken in alcoholic solution at 19° : 


Dextro. Levo. 
i [My = +116° [M]p = — 128° 
normal Ethyl] ester » =+213 -» = 221 
labile Ethyl] ester » =+ & » == 2 


Methyl Hydrogen, Ethyl Hydrogen, and Methyl Ethyl 3-Methyl-A?- 
cyclopropene-1 : 2-dicarboxylates. 

In a static unsymmetrically constituted dibasic acid the carboxy] 
group most sterically protected in esterification is also the one 
most protected when the neutral ester is hydrolysed; hence partial 
hydrolysis and partial esterification lead to isomeric acid esters. 
In this case, however, the products obtained by these two methods 
proved to be identical. 

The Methyl Hydrogen Ester—(a) By hydrolysis. A solution of 
the normal dimethyl ester (2-8 g.) in 25 c.c. of 0-66N-methyl- 
alcoholic potassium hydroxide was left at the ordinary temperature 
for 15 hours, and the mixture poured into water and extracted 
with ether. On evaporation of the dried ethereal extract a small 
amount of neutral ester was recovered. The aqueous solution was 
acidified and again extracted, and the residue obtained on evapor- 
ation of the ether distilled under diminished pressure. The acid 
ester boiled at 169°/20 mm. and after crystallisation from ligroin 
was obtained in needles, m. p. 65° (Found: C = 53-6; H = 5:2; 
M, by titration, = 156. C,H,O, requires C = 53-8; H = 52%; 
M = 156). 

(b) By esterification. The acid was esterified by passing methyl 
alcohol vapour through a solution of the acid in methyl alcohol 
slightly acidified by sulphuric acid, and the acid-ester separated 
from the neutral ester by means of ether and aqueous sodium 
carbonate. It was purified like the acid-ester above described, 
with which it was in every respect identical. 

The Ethyl Hydrogen Ester—This was prepared by partial 
hydrolysis exactly as described above, excepting that 3-25 g. were 

R2 
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used in place of 2-8 g. The product had b. p. 174°/20 mm. and 
m. p. 57° (Found: C= 564; H=5-9; WM, by titration, = 170. 
C,H,0, requires C = 564; H=59%; M=170). 

The Methyl Ethyl Ester —(a) From the methyl hydrogen ester. The 
acid methyl ester was first converted into its silver salt by the 
action of silver nitrate on a concentrated aqueous solution of the 
ammonium salt (the salt is rather soluble in water). The salt 
was digested for 2 days with an ethereal solution of ethyl iodide, 
and the ester isolated in the usual way and distilled. It had 
b. p. 130°/20 mm., but did not crystallise. 

(b) From the ethyl hydrogen ester. This experiment was carried 
out in the same way using methyl iodide. The product appeared 
in every way identical with the previous one, but could not be 
crystallised (Found: C= 58:7; H=6-6. (,H,,0, requires 
C = 58-7; H = 66%). 

Methyl Ethyl 2:3-Dibromo-3-methylcyclopropane-1 : 2-dicarb- 
oxylate——The methyl ethyl cyclopropene ester was treated with 
the theoretical amount of bromine in chloroform solution. After 
keeping over-night, the solvent was evaporated and the residue 
distilled, when the dibromide passed over at 182°/20 mm. (Found : 
C= 316; H=3-2. C,H,,0,Br, requires C = 31-4; H = 3-5%). 


Constitution ix 3-Methoxy-3-methyleyclopropane-1 : 2-dicarboxylic 
Acid (XIV). 

The acid was prepared as described previously (J., 1923, 123, 
3358), using 2N-alcoholic potassium hydroxide for the hydrolysis 
of its methyl hydrogen and dimethyl esters. Its cis-structure was 
proved by converting it into an anhydride, and the position of 
the methoxy-group determined, as described in the introduction, 
by ring-fission to levulic acid. 


The anhydride, CMe(OMe) areas CO So, was produced by boiling 


the acid for 6 hours with 20 oli its weight of acetyl chloride. 
After removing the acetyl chloride and acetic acid by exposure 
over potassium hydroxide, the anhydride was crystallised from 
pure acetyl chloride, from which pearly leaflets separated, m. p. 94° 
(Found: C= 540; H=5-0. C,H,O, requires C = 53:8; H = 
5:2%). That no change of configuration occurs during this reaction 
is shown by the fact that on rehydration with water the original 
acid is regenerated. 

Levulic Acid (XVII).—The acid was boiled for 2 hours with 
20% hydrochloric acid, and the solution then evaporated. The 
residue had all the properties of levulic acid, with which it was 
identified by conversion into its semicarbazone, m. p. 191—192° 
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(Found: C = 42:2; H=6-2. Calec., C = 416; H = 6-4%), and 
phenylhydrazone, m. p. 107—108°. The mixed m. p. of these 
derivatives with the same substances prepared from authentic 
levulic acid showed no depressions. 


We desire to thank the Chemical Society for a grant in aid of 
this investigation. 
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LXVII.—The Correlation of Additive Reactions with 
Tautomeric Change. Part IV. The Effect of 
Polar Conditions on Reversibility. 


By Epira Hiipa Incotp (UsHERWooD). 


From the existence of certain apparent exceptions to Michael’s 
“ positive-negative ”’ rule for the direction taken by Michael’s 
addition reaction, the conclusion may be drawn that, in a theoretical 
sense at least, the addition can take place in both directions to an 
unsymmetrical, unsaturated ester, although, no doubt, one type 
of addition will generally be favoured to the practical exclusion 
of the other. 

This inference has an important bearing on the analysis, com- 
menced in Part II (J., 1924, 125, 435), of the conditions regulating 
the tendency of carbon chains to break down by retrograde, additive 
processes, for if the Michael addition can occur in two directions, 
then two retrograde reactions must be taken into account, and 
therefore the number of structures susceptible to disruption is 
multiplied. 

For this reason a series of experiments was instituted to ascertain 
whether the retrograde reaction corresponding with addition in 
the opposite direction to that given by the “ positive-negative ”’ 
rule could occur ; and, if so, whether the difficulty attending addition 
in a non-favoured direction would have its counterpart in ease, 
or in difficulty, of decomposition. If the first of these alternatives 
be correct, polar influences should inhibit addition in an adverse 
direction by throwing the equilibrium towards the direction favouring 
the simple molecules, whereas if the second alternative be the true 
one, difficulty of addition corresponding with difficulty of decom- 
position, then the adverse polar influences must act by lowering 
the velocity of the reaction in both directions, without notably 
altering the equilibrium. 
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The experiments now described prove conclusively (a) that the 
retrograde reaction corresponding with an abnormal direction of 
addition can occur; (6) that difficulty of addition in a direction 
against the polar influence has its counterpart in difficulty of 
disruption. 

The decision of the latter point enables the following general 
principle to be advanced: The primary effect of polar conditions 
is on the velocity of reversible additions and not on the equilibrium. 

The investigation described in Part II, of the influence of spatial 
factors on the reversibility of aldol additions, and that of C. K. 
Ingold, Perren, and Powell (J., 1921, 119, 1582, 1976) on the same 
effect in relation to the Michael addition, lead to a second and 
complementary generalisation: The primary effect of spatial con- 
ditions is on the equilibriwm in reversible additions. It may be 
hoped that the application of these two principles will aid the 
sorting out of the superimposed polar and spatial influences which 
regulate organic reactions, and are often docketed together as 
manifestations of ‘‘ steric hindrance.” 

A suitable example for study appeared to be provided by the 
following series of changes (Bone and Sprankling, J., 1899, 85, 
839; and others) : 


CO,Et*CBrMe, (1.) and Normal (succinic) type. Abnormal (glutaric) type. 
Ethyl sodiocyanoacetate  CO,Et*CMe,"CH(CN)°CO,Et (11.) None formed. 
sodiomalonate CO,Et’CMe,"CH(CO,Et), (III.) CO,Et;CHMe’CH,’CH(CO,Et), (IV.) 
sodiomethylmalonate traces only formed. CO, Et:CHMe-CH,'CMe(CO,Et), (V.) 


Now in any of these cases the abnormal product (glutaric type) 
might conceivably be produced by the recombination of two esters 
formed from the normal product (succinic type) by a retrograde 
Michael reaction corresponding with the less usual direction of 
addition : 

(IIl.) == CO,Et-CMe:CH, + CHMe(CO,Et), == (IV.) 


Moreover, if (according to one of the alternative hypotheses) the 
primary effect of polar conditions is on the equilibrium, these 
changes should occur under the conditions of the original conden- 
sations. Experiment showed, however, that this is not the case, 
so that the hypothesis of an altered equilibrium is untenable. 

At higher temperatures, however, a definite retrograde reaction 
could be detected of the type corresponding to abnormal direction 
of addition, although the velocity of the change was very small. 
The succinic ester (III), which cannot be separated from its glutaric 
isomeride (IV) and has not previously been obtained in a pure 
condition, was prepared and examined for purity in the following 
way. The cyano-ester (II), which on hydrolysis by acids yielded 
the dibasic acid (VII), was converted by concentrated alkalis into 
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the tribasic acid (VI). A portion of this was converted into the 
silver salt and thence into the ester (III), Another portion of the 
same specimen was heated above its melting point to give the 
dibasic acid (VII), and a portion of the triethyl ester was hydrolysed 
by acids to the same dibasic acid. The dibasic acid obtained in 
these ways was crystallised in fractions, a process which would 
rapidly concentrate the very soluble «-methylglutaric acid (VIII), 
if present, in the ultimate residues, which nevertheless proved to 
be pure dimethylsuccinic acid (VII) : 

Me,°CO,H Me,°CO,H CHMe:CO,H 

H(CO.H), H,CO,H CH:<CHMe-CO,H 

(VI) (VIL) (VIIL.) 

A second portion of the same specimen of triethyl ester was then 
converted into its sodio-derivative and heated in alcoholic solution 
for different lengths of time as described in the experimental 
portion; the regenerated ester was hydrolysed with acids, when, 
besides much as-dimethylsuccinic acid, a small amount of «-methyl- 
glutaric acid was obtained. The production of this acid from the 
recovered ester became appreciable after one week’s heating at 
100°. A corresponding series of experiments with the cyano-ester 
(II) yielded purely negative results, and this is in agreement with 
the known smaller tendency towards the elimination of ethyl 
cyanoacetate than towards the elimination of ethyl malonate, by 
a retrograde Michael reaction (C. K. Ingold and Perren, loc. cit.). 

In contrast with the difficulty attending disruption of the type 
corresponding with addition in the resisted direction, disruption 
corresponding with facile normal addition took place with ease. 
In the case of the glutaric ester (V), which is formed from, and, to 
a small extent, decomposed into «-methylacrylic ester and methyl- 
malonic ester, the comparatively large speed of decomposition was 
observed in the following way. If the reversible decomposition of 
the ester (V) is carried out in the presence of an added substance, 
such as ethyl cyanoacetate, which can combine reversibly with one 
of the products, two competing equilibria will be set up: 

(V-) (CO,Et),CMe-CH,-CHMe-CO,Et == 

(IX.) CO, Et-CH(CN)-CH,-CHMe-CO,Et — 
CO, Et),CHMe ° 
Go.kit-CH,-CN { }CH,:CMe-CO,Et 

From the second of the two principles given on page 470 it 
follows that, even if the addition product (V) is greatly favoured 
by the first of the above equilibria, the addition product (IX) will 
be even more strongly favoured by the second equilibrium, this 
ester having fewer (and smaller) substituents at its point of rupture. 
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Hence, however unfavourable for observing the rate of decom- 
position of the ester (V) the original equilibrium might be, it should 
be possible, by thus diverting the back reaction into another channel, 
to carry the decomposition a considerable distance, and thus observe 
its velocity. A lower limit to the measure of its progress is given 
by the rate of formation of the ester (IX). The mixtures of the 
esters (V) and (IX), obtained after heating for different lengths of 
time, can readily be isolated and analysed, or hydrolysed to the 
glutaric acids and these separated. 

From these experiments it is evident that whereas Michael 
additions of the type : 


| 
>C:C-CO,R + HX = >CX:CH-CO,R 
[X equals CH(CO,Et), or a similar group] easily take place, and 
are as easily reversed, additions 


>C:C-CO,R + HX = >CH-CX-00,B 
occur, and are reversed, with difficulty or not at all. The directing 
influence of the polar group -CO,R is therefore primarily exerted 
on the velocity, and is similar for both directions of the change. 
The bearing of this result on the problem of steric inhibition will 
be the subject of a future communication. 


ExPERIMENTAL., 


Preparation and Stability of Ethyl as-Dimethylcarboxysuccinate (III) 
and Ethyl as-Dimethylcyanosuccinate (II). 

A mixture of ethyl as-dimethylearboxysuccinate and ethyl 
a-methyl-«’-carboxyglutarate is formed (Bone and Sprankling, 
loc. cit.) by the action of ethyl sodiomalonate on ethyl «-bromoiso- 
butyrate; but as the isomeric esters cannot be separated it was 
necessary to evolve another method for the preparation of the 
former. 

Ethyl as-dimethylcyanosuccinate (II) was prepared from ethy] sodio- 
cyanoacetate and ethyl] «-bromoisobutyrate by Bone and Sprankling’s 
method (loc. cit.), and its purity was proved by converting a 
portion of the specimen, by hydrolysis with concentrated hydro- 
chloric acid, into as-dimethylsuccinic acid alone, fractional crystal- 
lisation from hydrochloric acid failing to reveal the presence of any 
a-methylglutaric acid. (In a similar manner was proved the 
absence of this acid in the two specimens of as-dimethylsuccinic 
acid mentioned below.*) 

* It was proved by special experiments that the presence of small 
quantities of a-methylglutaric acid in specimens of as-dimethylsuccinic acid 


is easily detected by this means, owing to the large difference in solubility 
and m. p. 
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as-Dimethylcarboxysuccinic Acid (VI).—The preceding ester 
(25 g.) was boiled with 110 c.c. of aqueous potassium hydroxide 
(3 parts KOH: 4 parts H,O) for 24 hours, another 20 g. of 
potassium hydroxide were then added, and the boiling was con- 
tinued until no more ammonia was given off (about 50 hours). 
The cooled, cautiously acidified liquid on extraction with much 
ether gave an acid (yield almost theoretical), m.p. 164—166° 
(decomp.); 166—167° (decomp.) after crystallisation from ether- 
chloroform (Found: C= 444; H=55; M=192. C,H,)0, 
requires C = 44:2; H = 5:3%; M = 190). The acid forms minute 
prisms which are very soluble in water, moderately so in ether, 
and sparingly soluble in chloroform. On heating to 170° in a 
sulphuric acid bath, the acid is smoothly converted into as-di- 
methylsuccinic acid and carbon dioxide. 

Ethyl as-Dimethylcarboxysuccinate (III).—The silver salt, pre- 
pared from the tribasic acid (9-5 g.), carbonate-free sodium hydroxide 
(3 mols.; prepared from sodium), and excess of concentrated silver 
nitrate solution, was washed with water, alcohol, and ether, and 
thoroughly dried. A suspension of the dry salt (52 g.) in 500 c.c. 
of dry ether was gently heated with 60 g. of ethyl iodide on the 
steam-bath for 3-5 hours, the silver iodide filtered off after 2 days 
and thoroughly washed with dry ether. From the combined 
filtrate and washings a residue was obtained which, twice distilled, 
gave 16 g. of the ester, b. p. 158—165°/22 mm. (Found: C = 56:5; 
H=7-9. C,3H,.0, requires C = 56:9; H = 8-0%). On hydrolysis 
with hydrochloric acid as-dimethylsuccinic acid was produced. 

Action of Sodium Ethoxide on Ethyl as-Dimethylcarboxysuccinate, 
(a) at 78°.—The ester (13-6 g.) was heated for 19 hours with 
alcoholic sodium ethoxide (1-15 g. of sodium; 14 g. of alcohol), 
the mixture poured into water, extracted with ether, and the 
ethereal solution dried and evaporated. The residue was hydro- 
lysed with boiling 20% hydrochloric acid. On cooling, a con- 
siderable quantity of pure as-dimethylsuccinic acid crystallised, 
and the mother-liquors, on evaporating by fractions and finally 
to dryness, yielded successive crops of the same pure acid unaccom- 
panied by any «-methylglutaric acid. 

(b) At 100°.—In a similar experiment, carried out in a closed 
vessel at 100° for 170 hours, a mixture of neutral and acid esters 
was obtained. These were separated in the usual way with ether 
and sodium carbonate and hydrolysed by hydrochloric acid to the 
dibasic acids, which were fractionally crystallised in the manner 
previously described, yielding, in addition to much as-dimethyl- 
succinic acid, more soluble and more fusible fractions consisting 


essentially of «-methylglutaric acid, but in quantity insufficient for 
R* 
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complete separation by this method from the succinic isomeride. 
The crude product of a hydrolysis was therefore crystallised from 
hydrochloric acid in order to separate as much as-dimethylsuccinic 
acid as possible; boiling with 25% calcium chloride solution, after 
the mother-liquors had been made alkaline with ammonia, yielded 
crystals of calcium as-dimethylsuccinate; the filtrate from this 
was acidified and extracted with a large bulk of ether; from the 
dried extract a gum was obtained, which solidified (m. p. 67—72°) 
in a desiccator, and on crystallising from benzene and from hydro- 
chloric acid yielded «-methylglutaric acid,* m. p. 75—76° (Found : 
M = 148. Calc., M = 146). 

Action of Sodium Ethoxide on Ethyl as-Dimethylcyanosuccinate.— 
In a similar experiment with ethyl as-dimethylcyanosuccinate 
(period of heating 150 hours), no «-methylglutaric acid could be 
detected in the hydrolysis products. 

Stability of Ethyl ««'-Dimethyl-«-carboxyglutarate-—The ester, 
b. p. 165—170°/21 mm., prepared from ethyl methylmalonate and 
ethyl «-bromoisobutyrate by Bone and Sprankling’s method (loc. 
cit), was added (58 g.) to an alcoholic suspension of ethyl sodio- 
cyanoacetate, prepared from 22-4 g. of ethyl cyanoacetate, 56 g. of 
alcohol, and 4-6 g. of sodium. The mixture was heated in a sealed 
tube at 100° for 18 hours, poured into water, acidified, and extracted 
with ether. The ethereal solution was washed with sodium 
hydrogen carbonate solution, and water, and dried with calcium 
chloride. The residue after evaporation of the ether was distilled, 
when the main fraction passed over at 165—170°/21 mm. The 
percentage of nitrogen (2-3) showed that 38% of the ethyl a«’-di- 
methyl-«-carboxyglutarate had been converted into ethyl «’-methyl- 
a-cyanoglutarate. 

The more volatile fractions (11 g.), b. p. 40—120°/21 mm., were 
treated with alcoholic sodium ethoxide (prepared from 2-2 g. of 
sodium), and the whole was poured into water. The methyl- 
malonic ester, which is reprecipitated unchanged by this treatment, 
was extracted with ether, and digested with concentrated aqueous 
ammonia, when methylmalonamide* separated (m. p. 208—209°). 

The fraction (26-2 g.), b. p. 165—170°/21 mm., obtained in the 
previous experiment, was mixed with alcoholic ethyl sodiocyano- 
acetate (prepared from 10-3 g. of ethyl cyanoacetate, 2-0 g. of 
sodium, and 25 g. of alcohol) and heated in a sealed tube at 100° 
for 170 hours. On pouring into water and extracting as before, a 
principal fraction was obtained, b. p. 166—170°/21 mm. (Found : 
N=49%. For the fraction b. p. 140—165°/21 mm., found 
N = 3-1%). 


* Identified by direct comparison and a mixed m. p. determination. 
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a-Methylglutaric Acid.—The ester (4:6 g.), b. p. 166—170°/21 
mm., was hydrolysed by boiling with 30 c.c. of 20% hydrochloric 
acid, and the product was fractionally crystallised from this solvent. 
The first fraction contained a large proportion of the two forms of 
ac’-dimethylglutaric acid. The second fraction, after crystallisation 
first from benzene containing a little ether and then from hydro- 
chloric acid, yielded «-methylglutaric acid,* m. p. 75—76° (Found : 
C=49:0; H=7-1. Cale., C= 49-3; H =6-9%). 


The author wishes to thank the Chemical Society for a grant with 
the aid of which the expenses incurred in this research have been 
met, 
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LXVIII.—The Mechanism of Kolbe’s Electrosynthesis. 
By Raten Epwarp GIsson. 


It has long been known that when the salts of certain organic 
acids are electrolysed under definite conditions in aqueous solution, 
hydrocarbons, esters, unsaturated hydrocarbons, alcohols, and 
aldehydes are formed at the anode in proportions differing with 
the conditions of the experiment. 

To account for these reactions, several theories have been 
advanced (Kolbe, Annalen, 1849, 69, 279; Crum Brown and 
Walker, ibid., 1891, 261, 107; Jahn, Wied. Ann., 1889, 37, 420; 
Bunge, J. Russ. Chem. Soc., 1890, 21, 525; Kekulé, Annalen, 
1864, 131, 79; Loeb, Z. Elektrochem., 1896, 3, 43; Schall, ibid., 
p. 83; Murray, J., 1892, 61, 10; Foerster and Piguet, Z. Hlektro- 
chem., 1904, 10, 727; Hofer and Moest, ibid., p. 833; Fichter and 
Krummenacher, Helv. Chim. Acta, 1918, 1, 146; Fichter, Fritsch, 
and Miiller, ibid., 1923, 6, 502), which on close examination prove 
to be modifications or amplifications of two distinct ideas : 

(a) That the process is one of direct oxidation (the word is used 
in the restricted sense of denoting the direct action of oxygen on a 
molecule or residue), the oxidising agent being the oxygen developed 
at the anode. This was advanced by Kolbe in 1832. 

(6) That the various products are the result of direct union of 
the residues of discharged anions, an hypothesis which was proposed 
by Crum Brown and Walker some sixty years later. 

These two fundamental ideas will be referred to hereinafter as 


* Identified by direct comparison and a mixed m. p. determination. 
R* 2 
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the Oxidation Theory and the Discharged Ion Theory of Electro- 
synthesis. Thus the most important reactions of this field are 
represented by the two theories as follows : 


(a) R-CO-OH + R’CO-0OH + O = R-R’ + 2C0, + H,O 
(Hydrocarbon) 
R:CO-OH + R’:CO-0OH + O = R:CO-OR’ + CO, + H,O 
(Ester) 
R-CO-OH + 0 = ROH + CO, (Alcohol) 


(b) R:CO-0: + R’-CO-0: = RR’ + 2CO, (Hydrocarbon) 
R-CO-0 + R’-CO-0: — R-CO-OR’ + CO, (Ester) 
R:CO-0: + OH = ROH + CO, (Alcohol) 


It will be seen that both theories are capablé of accounting in a 
simple and adequate manner for most of the known electrosynthetic 
and allied reactions and that no evidence on one side or the other 
can be gathered from qualitative or quantitative studies of the 
reaction products. 

In a former paper (Gibson, Proc. Roy. Soc. Edin., 1924, 44, 140) 
it was shown that the oxidation theory possessed certain advantages 
over the discharged-ion theory in the consideration of the behaviour 
at the anode of mixtures of electrolytes containing as chief con- 
stituent one or more fatty acids. It is the purpose of this paper 
to show that in other cases the oxidation theory, as originally 
advanced by Kolbe, does account for the observed facts more 
completely than does the discharged-ion theory. 

The strongest argument against the oxidation theory was that 
emphasised by Murray (loc. cit.), namely, the great resistance of 
fatty acids towards oxidising agents. Murray showed that when a 
solution of 10% acetic acid and 10% sulphuric acid was electrolysed 
no appreciable oxidation of the former took place. This argument 
is, however, no longer valid, for Gordon (J. Physical Chem., 1914, 
18, 55) demonstrated that ethane was produced by the oxidation 
of acetates with persulphates. Presumably the solutions used by 
Murray were too dilute. 

The most conclusive evidence in favour of the oxidation theory, 
however, was derived from an examination of the electromotive 
phenomena connected with the initial stages of the electrosynthetic 
reactions. Preuner and Ludlam (Z. physikal. Chem., 1907, 59, 
682) showed that a polished platinum anode in a solution of acetate 
' must acquire a certain definite potential (2-54 volts) before any 
appreciable amount of ethane is formed and also that at the point, 
2-54 volts, on the curve showing the relation between current and 
anode potential a break (“ knickpunkt ’’) or sharp increase in the 
gradient is to be observed. This may mean either of two things, 
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(a) that at 2-54 volts the acetate ion is first discharged at the anode, 
in which case strong evidence in favour of the discharged-ion theory 
would be obtained, or (b) that at 2-54 volts the anode has acquired 
an oxidising potential high enough to allow the reaction, 2CH,-CO-OH 
+ O = CH,°CH, + CO, + H,O, to proceed; or, in other words, 
that at anode potentials above 2-54 volts acetic acid acts as a 
depolariser. Although it has generally been assumed that inter- 
pretation (a) is the correct one, this is by no means proved and it 
was thought that an investigation of the behaviour of the electro- 
lyte and anode in the neighbourhood of this critical point would 
throw some light on the problem under consideration. 

The particular reaction studied in this work was the production 
of trichloromethy] trichloroacetate by the electrolysis of a solution 
of trichloroacetic acid (see Elbs and Kratz, loc. cit.). This acid 
was found most convenient for the purpose, as with it the beginning 
of the electrosynthetic reaction could be visually observed. Strictly 
speaking, the chief reaction during the electrolysis of this acid is 
not a synthetic one, for no carbon to carbon union is made, but 
ester formation is so closely bound up with electrosynthesis that it 
was considered justifiable to apply deductions from these experi- 
ments to cases of true electrosynthesis. The suggestion made by 
Fichter, Fritsch, and Miiller (loc. cit.), that the reaction is one in 
which trichloromethyl alcohol is an intermediate product, appears 
extremely improbable, when it is considered how unstable this 
compound is and how comparatively slow the processes of esteri- 
fication are. 

The experiments presently to be described have led to the 
following conclusions : 

(1) That, within wide limits, the process is independent of the 
current density at the anode. 

(2) That a certain definite potential at a polished platinum or 
iridium anode is necessary and sufficient for the reaction to 
begin. 

(3) That this potential does not represent the discharging poten- 
tial of the trichloroacetate ion. 

(4) That the actual potential of an anode of any metal is not 
sufficient to cause the reaction, but that the nature and state of 
the anode also play a large réle; and in this connexion certain 
peculiarities in the behaviour of platinum anodes have been clearly 
demonstrated. 

(5) That mere electrolytic oxidation of acetic anhydride does not 
produce ethane as might be supposed from the superoxide theory 
of Fichter. 
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EXPERIMENTAL. 


Examination of the Behaviour of Anode Potential—Current Curves 
for Various Anodes in a Normal Solution of Trichloroacetic Acid.— 
As trichloroacetic acid was reduced at the cathode, it was considered 
advisable to separate the electrodes as shown in Fig.1. Sketch (A) 
shows the normal type of cell used. N is the capillary nozzle of the 
standard calomel electrode. It was adjustable and could be brought 
right up against the anode. Sketch (B) illustrates the type used 
when the anode gases were to be examined. 


Fic. 1. 
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By means of an adjustable potentiometer a variable H.M.F. 
was applied across the terminals of the cell, and the difference in 
potential between the anode and the normal calomel electrode was 
measured by a second potentiometer system with an accuracy of 
+2 millivolts. The polarising current varied far beyond the 
range of any one instrument, so a series of three ammeters of 
varying sensitivity was employed, suitable shunting arrangements 
being provided. 

In all cases, except where otherwise stated, a normal solution of 
trichloroacetic acid was used as electrolyte. 

From direct potentiometer readings the potential difference 
between the anode and a normal calomel electrode was calculated. 
To obtain the potential of the anode on the hydrogen standard it 
was necessary to add 0-27 volt to this figure, + 0-29 representing 
the difference of potential between a normal calomel electrode and 
a normal hydrogen electrode and — 0-02 volt being the boundary 
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potential at the surface N-KC]/N-CCl,°CO,H, calculated by the 
formula of Lewis and Sargent (J. Amer. Chem. Soc., 1909, 31, 
363). The results were plotted on graphs with the polarising current 
(¢) as ordinate and the anode potential (Vz) as abscissa. In the 
curves showing the relation between the logarithm of the current 
and the anode potential any breaks are much more pronounced 
than in the ordinary current—potential curves, so in certain cases 
log i was plotted as ordinate and Vz as abscissa in order to emphasise 
the presence or absence of breaks. 

Preliminary experiments showed that, for a polished platinum 
anode in N-trichloroacetic acid, there existed a certain critical 
potential between 2-32 and 2-37 volts. Below this value, gas left 
the anode as a steady stream of very fine bubbles which rose rapidly 
from the electrode surface. When, however, the anode potential 
reached the critical value, the character of gas evolution changed 
completely. At a comparatively small number of distinct points 
on the electrode bubbles appeared to grow, some rapidly and some 
slowly. Each bubble adhered very firmly to the electrode, until, 
having attained a diameter of 0-5 to 1-5 mm., it rolled slowly to 
the top of the electrode and was dislodged. Meanwhile, the stream 
of fine bubbles diminished rapidly and finally ceased. At the 
points vacated by the large bubbles small crystals of trichloro- 
methy] trichloroacetate were seen and the odour of carbonyl chloride 
was noticeable in the cell. The conclusion drawn from a large 
number of experiments was that this change in the appearance of 
the bubbles of gas could safely be regarded as the criterion of 
incipient ester formation, for, as long as the gas left the anode as 
a fine stream, no ester at all was found and no smell of carbonyl 
chloride observed, but, as soon as the production of large bubbles 
began, the ester made its appearance. 

With anodes of iridium the same phenomenon was noticed and 
the critical potential was the same as for platinum. 

When anodes of gold and of a film of platinum on glass were 
employed, no change in the character of gas evolution took place 
even when anode potentials as high as 3 volts were reached. The 
gas given off at a gold anode working with a current density of 
3 amps. per sq. cm. and at a potential of 2-5 volts was 
analysed and found to be 99% oxygen and to contain no carbon 
dioxide. 

These experiments showed, moreover, that a considerable interval 
of time was required for the anode to regain equilibrium after each 
rise in the applied H.M.F. In general, with a constant applied 
E.M.F., the current decreased and the anode potential increased 
slightly as time weut on. 
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Determination of the Anode Potential—Current Curves for Anodes 
of Polished Platinum, Gold, and a Platinum Film on Glass.—As the 
preliminary investigations showed that the point at which the 
production of trichloromethy] trichloroacetate began was between 
2-32 and 2-37 volts, the portions of the curves lying below 1-9 volts, 
being unnecessary for the present work, were disregarded after it 
had been seen that there was no discontinuity in the curves in the 
region from 1—2 volts. 

Large platinum electrodes (about 16 sq. cm.) gave very erratic 
results, which were not improved by stirring the electrolyte or 
rotating the anode. Consequently a small anode of thin platinum 
wire, 1 cm. long, was used. It was fitted into the cell and an 
E.M.F. of 2 volts was applied across the terminals. A small 
current of 0-5—1-0 milliamp. flowed through the cell and the anode 
acquired a potential of 1-8—1-9 volts. It was allowed to become 
completely polarised under these conditions for 18—20 hours. 
Thereafter the applied #.M/.F. was raised and a series of readings 
of current and anode potential was taken. After each alteration 
in the applied H.M.F., time was allowed for the anode to regain 
equilibrium. During this interval, the current and potential were 
read every five minutes and from the table so obtained the values 
at infinite time were found by rough extrapolation. The results 
from these experiments differed markedly from all previous ones, 
but were easily reproducible, the curves from four trustworthy 
experiments resembling each other in every respect. Figure 2 (A) 
gives a typical result. At 2-10 volts, a sharp break occurred, 
whereafter the current rose rapidly until a potential of 2-21 volts 
was reached, when a sudden rise of the anode potential to 2-8—2-9 
volts took place and the current decreased. During this increase 
of potential the critical value was passed and ester formation began. 
The applied #.M.F. was then lowered to a very small value, the 
current was stopped momentarily, and the anode shaken to remove 
any adhering ester. A second series of current and anode potential 
readings was then taken. This time the potential rose rapidly 
while the current increased slowly. No break at 2-10 volts and 
no sudden rise of potential were observed, so that it was possible 
to make an accurate determination of the point at which the bubbles 
of gas changed in appearance and ester was first formed. The 
curve was identical with that shown in Fig. 2 (C). The critical 
point at which ester formation began was found to be between 
2:34 and 2-37 volts. 

Several experiments were performed in which the anode was 
first polarised at a potential of 1-9—2-0 volts for 18 hours and 
then at 2-6—2-9 for 5—10 minutes. Series of readings were there- 
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after taken as in the previous experiment. The results are given 
in curves B and C, Fig. 2. Curve B shows the anode in a state 
intermediate between those represented by A and C. It was 
observed that in the case of B, and to some extent of C also, the 
anode potential below 2-2 volts showed a tendency to fall although 
the applied H.M.F. was kept constant. In the experiments the 
results of which are given by curve C the potential of the anode 
was not allowed to fall much below 2-2 volts after the preliminary 
polarisation. The points at which change in the appearance of 
the bubbles of gas was first noticed and at which the change was 
complete are shown on this curve. 


Fia. 2. 


Current-anode potential curves for small anode of polished platinum in 
N-irichloroacetic acid. Same anode used in each éase. 
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With 2N-solutions of trichloroacetic acid curves of an exactly 
similar type were obtained, whilst in the case of N /10-acid, although 
the curve was exactly the same as Fig. 2 (A), no change in the 
appearance of the bubbles was observed and no ester was seen, 
even after prolonged passage of heavy current, which would indicate 
that the actual formation of ester does not in itself cause the great 
rise in anode potential already referred to. 

A gold anode, 0-5 cm. long and 1 mm. in diameter, was treated 
in exactly the same way as described on page 480. The results 
are recorded in Fig. 3. It will be seen that extremely high currents 
were necessary to produce the anode potentials observed with 
platinum anodes. In this and the following experiments the 
electrodes came into equilibrium very quickly after each rise in 
the applied #.M.F. at potentials above 2-2 volts. 
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A piece of glass tube, closed at one end, was coated with a layer 
of “ Glanzplatin ’” and ignited, whereby a band of one continuous 
platinum film on the glass was obtained. The electrode so formed 
was polarised as already described on page 480. The results are 
plotted in Fig. 4, the dotted curve representing the logarithm of 
the current. 


Fic. 3. Fic. 4 


_ Current-anode potential curve for small Current-anode potential curve for anode 
anode of gold in N-trichloroacetic made of platinum film on glass in 
acid N-trichloroacetic acid. 
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Determination of the Amount of Oxygen evolved in Unit Time 
above and below the Critical Point.—If the point at 2-35 volts, where 
ester was first formed, represented merely the discharging potential 
of the anion, it would be expected that the volume of oxygen 
evolved in unit time at potentials above this point should be equal 
to or greater than that evolved at potentials below it, since the 
effect of the discharge of the trichloroacetate ions should merely 
be superimposed en and not displace that of the previous discharge 
of OH or O ions whence the oxygen, evolved below the critical 


THE MECHANISM OF KOLBE’S ELECTROSYNTHESIS. 483 


point, was presumably derived (see Le Blanc, “‘ Text-book of Electro- 
chemistry,” trans. by Whitney and Brown, New York, 1907, 
p. 303). If, on the other hand, this point marks the start of 
oxidising processes, it would be expected that considerably less 
oxygen per unit time would be evolved after the beginning of the 
process. The cell illustrated in Fig. 1 (B) was used.- A current of 
0-5 milliamp. was passed through the electrolyte for 18 hours prior 
to the experiment, so that the electrode might be completely 
polarised and the solution saturated with oxygen. The current 
was then adjusted so that the anode potential was just below 
2-33 volts. The gas produced was collected and analysed, the 
current and potential being read and adjusted every five minutes, 
Thereafter the applied Z.M.F. was raised until complete change in 
the appearance of the bubbles on the anode had taken place. The 
current was passed for some time in order to saturate the solution 
with carbon dioxide and to expel any oxygen. The sample of gas 
was then collected. Table I gives the results from several experi- 
ments with N- and 2N-solutions of trichloroacetic acid and shows 
quite definitely that oxidation processes do take place. 


TABLE I. 


Average Anode Oxygen per Oxygen 
Electrolyte. current. potential. |amp.-hour. per hour. 
Volts. C.c. 


2-13—2-17 203 


i aoe. 
N.CCl,-C0,H 2172-24 213 


2N-CCl,-CO,H : ' 03 


The Electrolysis of a Mixture of Sulphuric Acid and Acetic 
Anhydride.—With a view to test the probability of the hypothesis 
of Fichter and Krummenacher that ethane is formed as the result 
of the electrolytic oxidation of acetic anhydride, a mixture of 
100 c.c. of acetic anhydride, 20 c.c. of concentrated sulphuric acid, 
and 5 c.c. of water was electrolysed in a divided cell. The com- 
position of the anode gas was as follows: CO,, 87; CO, 3; 0O,, 9; 
inflammable residue, 1%. The inflammable residue was found to 
be methane by determinations of its boiling point and by com- 
bustions. 100 C.c. required (a) 208, (b) 200 C.c. O,. CH, requires 
200 c.c. No trace of ethane was found. 


Discussion of Results. 


Fig. 2 shows that for ester formation to begin it is necessary that 
the anode acquire a potential of 2-35 volts and that the density of 
the current, apart from producing this potential, do not have any 
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influence on the reaction. Now the influence of anode current 
density on the reaction is one of the main supports of the discharged- 
ion theory, which supposes that, until the concentration of the 
discharged anions becomes large enough for them to react with 
each other, they react with the surrounding water, giving oxygen 
and the original acid, and it is obvious that the concentration of 
discharged ions is proportional to the current density (see Murray, 
loc. cit.). This theory is, therefore, tenable only if the notion of 
discharging potentials is accepted, i.e., if we suppose that in the 
experiments under consideration no trichloroacetic ions are dis- 
charged until the anode acquires a potential of 2-35 volts. If this 
hypothesis be not accepted—and it must be admitted that it has not 
been very well substantiated—the only possible explanation of the 
non-formation of ester below 2-35 volts is that the oxidising power of 
the anode is not sufficient to bring about the reaction, 2CCl,-CO-OH 
+ 0 = CCl,-CO-0-CCl, + CO, + H,O, at potentials below this 
value. 

The problem, therefore, resolves itself into ascertaining whether 
there is any reason to believe that the discharging potential of the 
trichloroacetate ion is in the neighbourhood of 2:35 volts. The only 
evidence of the discharging potentials of anions at present available 
for chemists is that afforded by breaks in the curves showing the 
relation between current and anode potential for indifferent anodes 
in a solution containing the anion. An examination of the curves 
obtained in these experiments reveals no sign of a break about 
2-35 volts. This is very well shown in the cases of anodes of gold 
and of a film of platinum on glass, at which no disturbing processes, 
such as ester formation, take place. Hence we conclude that the 
discharging potential of the trichloroacetate ion does not lie near 
the point at which ester formation begins. Such a conclusion was 
confirmed by the experiments on the relative compositions of the 
gases evolved before and after the start of the reaction. 

Another interesting result of these experiments is the singular 
behaviour of platinum anodes evolving oxygen in a solution of 
trichloroacetic acid. These phenomena are explained as follows: 
Several authors (Bennett and Thompson, J. Physical Chem., 1916, 
20, 300; Bancroft, ibid., p. 376; Z. Elektrochem., 1899, 6, 40; 
Lewis and Jackson, Z. physikal. Chem., 1906, 56, 207) have attrib- 
uted the polarisation H.M.F. of an anode to the accumulation 
thereat of active or atomic oxygen. The anode overvoltages of 
the various metals may then be attributed to their powers of 
accelerating or retarding the reaction, O + O = O,. As molecular 
oxygen (O,) is useless as far as oxidation is concerned, this hypothesis 
connects in a reasonable way the overvoltage and oxidising power 


THE MECHANISM OF KOLBE’S ELECTROSYNTHESIS. 485 


ofananode. It would appear from the above results that a platinum 
electrode, under the conditions of these experiments, is capable of 
existing in at least two states : 


State «, a state of low oxidising power in which the metal 
accelerates the reaction O + O = Q,. 

State 6, a state of high oxidising power in which the metal 
retards the reaction O + O = Q,. 


After being polarised for many hours at a low potential, the 
metal is brought into state «, so that, on the applied H.M.F. being 
raised, the reaction, O + O = Og, is accelerated and a comparatively 
low anode potential exists. This is represented by the region 
1-9—2-2 volts, Fig. 2 (A and B). When a potential slightly 
exceeding 2-2 volts is reached, state « becomes unstable and the 
platinum passes to state 8.. The amount of oxygen being dis- 
charged at the anode then becomes too great for the reaction, 
0+ 0=0,, now retarded, to dispose of, so that the anode 
potential rises to a high value before equilibrium is reached. By 
being polarised for a short time at a high potential, the anode is 
brought into state 8, which remains metastable below 2-2 volts, 
so that it is possible to obtain a curve such as 2 (C). That the 
state 6 is only metastable at low potentials is shown by what 
may be termed the transition curve 2 (B), and by the observation, 
already made, that the anode potentials tend to fall and the current 
to rise while the applied potential is kept constant below 2-2 volts. 

In the case of a film of platinum on glass it appears that state « 
is extremely stable and that potentials as high as 3-0 volts may be 
reached without transition to state @ taking place at any appreciable 
rate. Experiments showed, moreover, that in platinised platinum 
state « is extremely stable at comparatively high voltages. Preuner 
and Ludlam (loc. cit.), however, have drawn attention to the fact 
that, when anodes of this material are used with heavy currents 
for a prolonged period, their potential rises and they pass to the 
polished or white variety, acquiring at the same time the power of 
oxidising acetic acid to ethane. This would indicate that a slow 
transition from state « to state 6 takes place. 


Conclusion and Summary. 


The work of previous investigators appears to give no evidence 
which directly contradicts the idea that the process of electro- 
synthesis is an oxidising one, as Kolbe himself imagined. In this 
work I have attempted to show that direct evidence in favour of 
the oxidation theory and antagonistic to the discharged-ion theory 
has been obtained from an examination of the electromotive 
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phenomena connected with the beginning of the electrosynthesis 
or the allied reaction, ester formation, namely, that an anode of 
platinum or iridium must acquire a certain definite potential before 
the reaction will proceed and that there are no grounds for believing 
that this is the discharging potential of the anion in question. 
It is therefore considered justifiable to formulate the electro- 
synthetic reactions in the manner first proposed by Kolbe with 
the necessary additions [equations (a), page 476]. One must 
admit that these equations are still somewhat vague, but they 
represent completely our present knowledge of the subject. 
Although acetic anhydride is vigorously oxidised at a platinum 
anode, no ethane is produced, a fact which renders improbable 
theories of this reaction involving the oxidation of anhydrides. 
There is, in my opinion, no trustworthy foundation for the assump- 
tion that anhydrides, peroxides, peracids, or other intermediate 
compounds are formed (see also Gibson, loc. cit., p. 151). 

The formation of ethane by the electrolysis of potassium acetate 
with a platinum anode is, in reality, a very special case of oxidation, 
for the oxidising agent possesses three peculiar characteristics : 

(1) It is capable of creating and maintaining around itself, under 
suitable conditions, a large concentration of the appropriate 
oxidisable material. (This is done by the anode attracting and 
discharging acetate ions which thereafter react with water, regener- 
ating the acid.) 

(2) It is capable of developing very high oxidising powers. 

(3) Its zone of action is extremely circumscribed, being limited 
to the comparatively small surface of the anode. 

Thus it is somewhat unfortunate that the discovery of Kolbe 
preceded that of Hofer and Moest, for alcohol formation from 
fatty acids might well be regarded as the normal electrolytic 
oxidation reaction, the abnormal ethane formation taking place 
only when conditions, such as almost entire absence of other anions, 
are favourable to the building of large concentrations of the organic 
acid at the anode. The third characteristic shows how it is pos- 
sible for easily oxidisable, non-ionised substances, such as alcohols 
and aldehydes, to appear among the end products. They are, in 
a sense, crowded out of the zone of oxidation as soon as formed 
by the incoming stream of anions and there is no force which tends 
to attract them back again. 

These considerations show that the oxidation theory presents 
to us a simple and complete account of the various processes occur- 
ring at the anode during the electrolysis of salts of organic acids 
and offers a key to the solution of what have hitherto been regarded 
as somewhat mysterious anode phenomena. 
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LXIX.—The Diffusion-potential and Transport Number 
of Hydrochloric Acid in Concentrated Solution. 


By Sypney Raymonp CarTER and FREDERICK MEASHAM LEA. 


As a first approximation, the diffusion potential set up at the 
boundary between N-hydrochloric acid and similar acid of higher 
concentration might be calculated from the usual formula 


(1) + = (wu — v)/(w+ v). RT /nF . log c,/c,, 


where uw and v are the ionic mobilities. The evaluation of c, 
and Cs, the ionic concentrations, however, is inadmissible in solu- 
tions of high concentration, moreover the above formula implies a 
constant transport number. 

The method of Ferguson (J. Physical Chem., 1916, 22, 326; 


J. Amer. Chem. Soc., 1921, 43, 2150) based on a study of concen- 
tration cells of the following types was employed. 


A. Cell with transport. 
(Pt)H,| HCl(c,) | HCl(c,) | H,(Pt). 
B. Cell without transport. 
(Pt)H,| HCl(c,),HgCl| Hg | HgCl,HCl(c,) | H,(Pt). 


The gas electrodes were at atmospheric pressure, consequently 
the actual hydrogen pressure in the electrodes is atmospheric less 
the vapour pressure of the hydrochloric acid in contact with it at 
that electrode. 

The following equations may be deduced from thermodynamical 
considerations for the #.M.F. of these cells : 


(2) «= — RT/2F . log, (b —c)/(b —c’) = 2n,RT/F . log, a’ /a. 
(3) HE = EH’ — RT /2F . log, (6b — c)/(b — c’) = 2RT/F . log. a’ /a. 


The vapour pressures of the dilute and the concentrated solu- 
tion are c and c’, respectively, the activities of the ions in these 
solutions are a and a’, and b is the barometric pressure. The 
observed potentials for the cells with and without transport, 
respectively, are «’ and EH’, whilst « and # are the H.M.F.’s after 
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correction for the inequality in hydrogen pressure at the two 


electrodes. 
These equations are somewhat similar to those deduced by 


Ferguson, but, in addition, they take into account the vapour 
pressures of the solutions. 

A constant transport number is. also assumed, but this is in- 
admissible over a wide range of concentration, since when two 
solutions of different concentrations are brought into contact, 
as they are in cell A, the value of the transport number acting at 
the liquid junction will not be that which holds in the main bulk 
of either of the two solutions, but some “‘ mean effective ” value (W). 

It is given by 

(4) W = (equation 2)/(equation 3) = «/H 
and equation 2 becomes 
(5) «=2W.RT/F .loga’/a. 

For dilute solutions, in which the transport number does not 
vary appreciably with concentration, the effective value so obtained 
will be identical with the ordinary Hittorf transport number. It 
is, however, of wider application and, since equations 5 and 3 are 
thus applicable to concentrated solutions even where a constant 
transport number cannot be assumed, the following modified 
equation may now be employed. 


(6) = (l — 2W)RT/F .loga’/a. 

Finally, by combination of equations 2, 3, 5, and 6, we obtain 
(7) = H'/2—¢' + RT/AF . log (6b — c)/(b—c’). 

This expression for the diffusion potential is valid for strong 


solutions and contains only terms which can be evaluated by 
direct measurement. 

Previous work on concentration cells of these types was carried 
out by MacIntosh (J. Physical Chem., 1898, 2, 273, 427), Dolezalek 
(Z. physikal. Chem., 1898, 26, 321), Jahn (ibid., 1911, 33, 545), 
Ellis (J. Amer. Chem. Soc., 1916, 38, 737), Noyes and Ellis (<bid., 
1917, 39, 2532), and Linhart (ibid., 1917, 39, 2601; 1919, 41, 
1175). 

Data are not available, however, for hydrochloric acid at 18° 
above 4-5N in cells without transport, nor for acid concentration 
above N in cells with transport. 


EXPERIMENTAL 


The cells examined were of the types A and B previously given. 
The dilute hydrochloric acid (concentration ¢,) was N in all 
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cases. The stronger hydrochloric acid solution (concentration c,) 
was varied up to 11-5N. 

The reversible Hg|HgCl electrodes may be briefly considered. 
It is essential that the solubility of the depolarising agent at this 
anodically reversible electrode should be very small compared 
with the concentration of the electrolyte; otherwise the amount 
of chlorine ion introduced into the solution by the depolariser 
dissolving may be sufficient to cause an appreciable change in the 
concentration of chlorine ion at that electrode. The solubility of 
mercurous chloride in hydrochloric acid solution has been in- 
vestigated by Richards and Archibald (Z. physikal. Chem., 1902, 
40, 391). In hydrochloric acid solution, mercurous chloride 
decomposes to a slight extent into mercury and mercuric chloride, 
and an equilibrium between these substances is established. The 
maximum molar ratio [HgCl,]/[HCl] was found by these workers 
to occur at about 5-5N-acid and was only 0-036%. Thus there 
appears to be no real objection to the use of this electrode in con- 
centrated hydrochloric acid solutions. A comparison (see p. 493) 
of the experimental results, where possible, with those obtained 
by Dolezalek, who used chlorine gas electrodes, shows agreement 
and from this the suitability of the calomel electrode is inferred. 
This point is of some importance, as Dolezalek states that calomel 
electrodes cannot be used, at 30°, in strong acid solutions. 

The calomel electrodes were made up in the usual manner in 
hydrochloric acid of the required concentration. 

Hydrogen Electrodes—These were of the Wilsmore pattern 
containing platinised platinum electrodes. These electrodes 
attained equilibrium in about 45 minutes and were constant to 
00005 volt, even when the hydrogen supply had been cut off for 
some time. A bubbler filled with acid of the same concentration 
as that in the electrode was used in connexion with each hydrogen 
electrode in order to avoid loss of hydrochloric acid on continued 
passage of hydrogen through the latter. 

Preparation and Measurement of Cells ——The hydrochloric acid 
in the cells and bubblers was titrated with standard sodium carbon- 
ate solution before and after the potential measurements. For 
acids below about 7-0N the change in concentration was very 
small, but at higher concentrations some change occurred, amount- 
ing to a maximum decrease of 0-15N for 11-5N-acid. In the latter 
cases, the mean value of the initial and the final acid concentration 
was usually taken. 

In the cells with transport, the two hydrochloric acid solutions 
of different concentrations were connected by means of an inverted 
U-tube filled with the more dilute solution. The tubes were of 
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about 3 mm. internal diameter and the endg were plugged with 
filter-paper. Such an arrangement was found to give diffusion 
potentials reproducible within fairly narrow limits. Measurements 
were carried out at 18°. 

Results. 


A series of concentration cells of the types A and B was measured, 
the more dilute acid being N in all cases and the stronger acid 
varying from 1-8N to 11:5N. The potentials, <’ and EH’, are the 
directly measured values for the cells with and without transport 
respectively. The acid concentration given is that of the stronger 
solution. Concentrations are stated in gram-equivalents per litre. 


TABLE I. 
[HCl]. e’ (volt). E’ (volt). [HCI]. e’ (volt). E’ (volt). 
1-776 0-0060 0-0382 7-78 0-0469 0-2368 
2-23 0-0100 0:0604 8-38 0-0526 0-2533 
3-74 0-0184 0-1129 9-56 0-0619 0-2828 
4-62 0-0235 0-1386 10-20 0-0686 0-3004 
5-72 0-0304 0-1758 11-32 0-0820 0-3299 
6-61 0-0365 0-1990 11-59 0-0842 0-3388 


In order to calculate the diffusion potentials by equation (7) 
from these Z.M.F. data, the value of the vapour pressure correction 
term must. be known. The correction term, R7'/4F . log (b — 
c)/(6 — c’), has been calculated by the aid of Allen’s * data on the 
vapour pressure of hydrochloric acid (J. Physical Chem., 1898, 
2, 120). Below 9N-acid, the value of this term is negligibly small. 
The calculated values from 9N upwards are tabulated. 


TaBieE II. 


Teh at PLL, 9-0 10-0 11-0 11-5 
Correction term (volt) ......... 00001  0-0002 0:0004 = 0-0009 


In Table III the smoothed values of ¢’ and EZ’ obtained from 
the data of Table I'are given in columns 2 and 3, and the values 
of the diffusion potential, 7, as calculated from equation (7), in 
column 4. For the purpose of comparison, the values of the 
diffusion potential, as calculated from equation (1), using con- 
ductivity—viscosity data and assuming a constant transport number, 
are tabulated in column 5. Column 1 gives the acid concentration 
in gram-equivalents per litre of the stronger hydrochloric acid 


* These data are for the partial pressure of the hydrogen chloride only. 
The partial pressure of the water is neglected, since at 18° it is only 15-4 mm. 
for pure water and diminishes as the concentration of the acid increases. 
The #.M.F. correction for the difference in partial pressures of the water 
between two hydrochloric acid solutions of 1N and upwards is accordingly 
very small and therefore has not been considered. 


— = i: —_ 


TRANSPORT NUMBER OF HYDROCHLORIC ACID, ETC. 491 


solution, it being understood that the weaker acid solution was 
always N. 


Tas_e IIT, 
Observed £.M.F. 
Z ~_— ~ Diffusion potential w (volt). 
With Without ~ 
transport. transport. By conductivity— 
[HCl]. e’ (volt). E’ (volt). By £.M.F. viscosity data. 
2-00 0-0082 0-0490 0-0163 0-0094 
3-00 0-0144 0-0880 0-0296 0-0141 
4-00 0-0195 0-1190 0-0400 0-0169 
5-00 0-0255 0-1520 0-0505 0-0186 
6-00 0-0321 0-1825 0-0591 0-0197 
7-00 0-0395 0-2138 0-0674 0-0201 
8-00 0-0484 0-2420 0-0726 0-0204 
9-00 0-0571 0-2630 0:0770 0-0207 
10-00 0-0666 0-2940 0-0806 - 0-0211 
11-00 0-0775 0-3220 0-0839 +: 
11-50 0-0836 0-3360 0-0853 —- 


The experimental values (column 4) are widely different from 
those calculated from conductivity—viscosity data (column 5). 

The values of the “ effective ’’ transport number as defined by 
equation (4) have been calculated, the values of «’ and EH’ given 
in Table III being used to calculate the values of « and E (equations 
2 and 3). The “effective” transport numbers, Wq, given in 
Table IV, represent the “ effective’? values between N-hydro- 
chloric acid and a second solution of the normality shown. 


TABLE IV. 
> 1-00 2-00 3-00 4-00 5-00 6-00 7-00 
Woes sccstcses on 0-16(7) 0-164 0-164 0-168 0-176 0-185 
ih cisediebs 0-155 0-180 0-200 won 0-238 ~— 0-292 
[HCl] ...... 8-00 9:00 10:00 11:00 11-50 
_ yee 0-200 0-214 0-227 0-242 0-252 


The value for 2-00N-acid can be regarded only as approximate, 
owing to the very small potential values from which it was 
calculated. The ordinary Hittorf transport numbers, n,, for 
hydrochloric acid from N to 7N (Kohlrausch and Holborn, “ Leit- 
vermégen der Elektrolyte,” 1898, p. 201) are given for purposes 
of comparison. Henderson (Z. physikal. Chem., 1908, 63, 337) 
gives a value n, = 0-17 for 6N—8N-hydrochloric acid at 30°. 

Application to an Oxidation Cell—As a check on the results 
obtained, measurements were carried out on oxidation-reduction 
cells of the following types : 

(a) (Pt)|CuCl,CuCl,,2N-HCl| N-HCl| V-KCl| N-KCl,HgCl| Hg. 

(6) (Pt)| CuCl,CuCl,,2N-HCl| N-HCl,HgCl| Hg 

Hg| HgCl,N-KCl| N-KCl| N-HCl,HgCl| Hg 

Cell (a) was of the general type on which work had been carried 

out in another investigation, and by introducing the HgCl| Hg|HgCl 
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electrodes across the hydrochloric acid boundary contirmation of 
the previous results was obtained. The same _half-element 
(Pt)|CuCl,CuCl,,2N-HCl was used for (a) and (6), and the com- 
plete cell with calomel half-element was then measured with, and 
without, the intermediate HgCl| Hg|HgCl electrodes. 

If the H.M.F.’s of the cells (a) and (b) be denoted by Z, and £,, 
respectively, then for any given acid concentration, xN, it may 
easily be shown that ZH, — ZH, = EF — «, where E and « represent 
the E.M.F.’s of the previously considered hydrochloric acid con- 
centration cells without and with transport at the same acid 
concentration. The results obtained with the two sets of cells 
measured were: for [HCl] = 9-15 and 6-30, ZH, — HZ, = 0-2145 and 
0-1577, and H — « = 0-2135 and 0-1572, respectively. The agree- 
ment is satisfactory. 

Relation between the E.M.F. of a Concentration Cell and the Partial 
Pressure of the Hydrochloric Acid—The E.M.F. of a concentration 
cell without transport may be calculated directly from the partial 
pressure of one of its constituents by means of Dolezalek’s equation 
(Z. physikal. Chem., 1898, 26, 321): Ae = e’ — e = RT /nF[log p’/p + 
log (6 — p)/(6b — p’)], where e’ and e are the Z.M.F.’s of the two 
similar cells containing hydrochloric acid of partial pressure yp’ 
and p, respectively, Ae is the observed H.M.F. when the two cells 
are connected in opposition, and 6 is the barometric pressure. 

The partial pressure of hydrogen chloride, which becomes appre- 
ciable in solutions above 8N at 18°, has been measured for solu- 
tions up to 12N by Allan (loc. cit.), The values given in column 2 
(Table V) have been obtained by inter- and extra-polation of the 
graph formed by plotting log paq against concentration. The 
observed H.M.F.’s of the cells without transport, HZ’, in column 3 
of Table III refer to N- and xN-hydrochloric acid respectively, 
consequently the difference in Z.M.F. of E represents the value 
which a concentration cell would show if it contained these con- 
centrations of acid. In this way, the observed value of AE (Table V, 
column 6) has been obtained for several concentrations between 
7N and 11N. The differences in hydrogen pressure have been 
corrected by means of equation (3). 


TABLE VY. 
Puci in 
[HCli. mm. of Hg. Ae cale. [HCl]. E obs. AE obs. 
11-0 48-98 10—11-0  0-3212 : 
10-0 17-38 0-0272  14.0-10-0 00-2936 00376 


8-0 2-19 0:2420 


8-0 
11-0 48-98 10—11-0  0-3212 
7-0 o-7586s 91066 = {1.9 7.9 ois 


0-2138 


in 
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The agreement between the calculated and the observed values 
in columns 3 and 6 is satisfactory. 

Comparison of Chlorine Gas and Calomel-Mercury as Anodically 
Reversible Electrodes.—Dolezalek (loc. cit.) measured the H.M.F. 
of cells without transport of the type 


(Pt)H,|HCl(c,)|Cl,(Pt) ..... (Pt)Cl,| HCl(c,) | H.(Pt) 


for concentrations of hydrochloric acid varying between 5N- and 


_ 12-25N, and a comparison with the present results is of interest. 


In both cases, the difference between the H.M.F.’s of any pair 
of cells gives the Z.M.F. of a concentration cell without transport 
for the corresponding concentrations of hydrochloric acid. Dole- 
zalek’s Ae for 30° is reduced to its value for 18° by multiplying 
by the ratio of the absolute temperatures, (273 + 18)/(273 + 30). 
The results are set out in Table VI. 


TaBLE VI. 
Dolezalek. Carter and Lea. 
¢=30°.. #¢=30°% #¢= 18°. t = 18°. t = 18°, 
[HCl}. e. Ae. Ae. E’. AE’. 
SOY 128) oam —oara 24588} 
“02 . 0-1825 
sN 1.001 0-159 0-153 9.3360 01535 


Since Dolezalek used gas electrodes of chlorine, the close agree- 
ment between the values of Ae and AZ’ for 18° further confirms the 
suitability of Hg|HgCl as an anodically reversible electrode in 
strong hydrochloric acid. 

Summary. 

The diffusion potential set up between N-hydrochloric acid and 
a similar sulution of higher concentration, varying from N to 
11-5N, has been investigated. 

The theoretical considerations underlying the method employed 
have been outlined. 

The potentials of a series of hydrochloric acid concentration 
cells with, and without, transport have been determined. 

The values of the diffusion potentials calculated from the results 
of these measurements are compared with the values obtained from 
conductivity—viscosity data. 

The “ effective ” transport numbers have been calculated. 

The applicability of Dolezalek’s equation for the calculation of 
the E.M.F. of a concentration cell with hydrochloric acid at 18° 
has been confirmed. 

The suitability of “ calomel-mercury ” as an anodically reversible 
electrode in concentrated hydrochloric acid has been demonstrated. 
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NOTES. 


Reduction of Aromatic Nitro-compounds. By RatpH WINTON 
WEST. 


On the laboratory scale, considerable difficulty is often experi- 
enced in the reduction of aromatic nitro-compounds to the corre- 
sponding amines. The difficulty of regulating the energy of the 
reduction often leads to decomposition of the amine, with the 
formation of undesirable products. Thus, the main product of 
the reduction by stannous chloride of o-bromonitrobenzene is 
aniline, whilst a considerable quantity of the free amino-acid is 


produced in the reduction of ethyl p-nitrobenzoate. In other 
cases, the method of working up the product of the reduction is 
inconvenient and wasteful; e.g., m-dinitrobenzene to m-phenylene- 
diamine. The method here described has been found to give 
good yields of very pure products. 

The nitro-compound (1 g.-mol.) is heated to boiling on the water- 
bath with methylated spirit (500 c.c.) and concentrated hydro- 
chloric acid (10 c.c.). Iron filings (170 g. for each nitro-group 
present in the compound) are introduced in four portions, 5 minutes 
being allowed between each addition. The mixture should be 
kept at vigorous ebullition in order to prevent the iron from caking, 
and the heating continued for 2 hours after the final addition of 
iron. The subsequent treatment of the solution depends on the 
nature of the amino-compound. 

(a) It may be made alkaline with caustic soda (10 g.) and steam- 
distilled. In this way, the first distillate of alcohol is collected 
separately from the turbid distillate of the substance. 

(b) After addition of alcoholic caustic soda equivalent to the 
hydrochloric acid employed, the hot liquid is filtered and the 
residue washed once with spirit. The bulk of the alcohol is re- 
moved by distillation, and the hydrochloride of the base precipitated 
by the addition of concentrated hydrochloric acid. 


NOTES. 495 


Nitro-compound. Reduction product. Yield %. Method used. 
a-Nitronaphthalene. a-Naphthylamine. 
o-Bromonitrobenzene. o-Bromoaniline. 
Ethyl p-nitrobenzoate. Ethyl p-aminobenzoate. 
m-Dinitrobenzene. m-Phenylenediamine. 
2 : 4-Dinitrotoluene. 2 ; 4-Tolylenediamine. 
p-Nitrophenetole. p-Aminophenetole 


When less than 0-5 g.-mol. of the nitro-compound is used, the 
quantity of the hydrochloric acid is reduced to 5 c.c. 

Where the hydrochloride of the base is somewhat soluble in 
concentrated hydrochloric acid, a possible alternative under (6) 
would be to remove most of the alcohol, saturate with hydrogen 
chloride, and add ether to precipitate the hydrochloride of the 
base.—IMPERIAL CoLLEGE, S.W.7. [Received, January 6th, 1925.] 


Some Metallic Couples Decomposing Water at the Ordinary Tem- 
perature. By Ernest SypNEyY Hepczs and JAMES ECKERSLEY 
MYERS. 


Durine the course of experiments on the liberation of hydrogen 
from various reagents by the action of metals, we have observed 
several instances of metallic couples which readily decompose water 
at the ordinary temperature with the evolution of hydrogen. We 
are of opinion that some of these may be found of service in reduc- 
tion processes, for example, in the reduction of organic substances 
where it is necessary to preserve a neutral medium. 

In the experiments which follow, magnesium sheet (1 sq. cm.) 
was cleaned with hydrochloric acid and placed in 5 c.c. of a 2% 
solution of ammonium chloride containing a small quantity of the 
chloride of the metal to be reduced. After the vigorous reaction 
had set in, the couple was well washed and then put into 100 c.c. 
of water. The magnesium-copper couple produced when the 
ammonium chloride contained 0-2°{ of cupric chloride was remark- 
ably active towards water. The reduced metal formed a black, 
closely adherent film, quite unlike the spongy copper reduced from 
an acid solution of the chloride. The most active couples were 
produced by placing magnesium in a 2% solution of ammonium 
chloride to which was added 0:2°% of crystallised nickel chloride, 
ferrous sulphate, or cobalt chloride. In these cases also, the 
deposits were of very fine texture and firmly adhered to the mag- 
nesium, and this probably accounts for the increased activity over 
couples prepared by other methods. These couples, when placed 
in water, at first produced a vigorous decomposition, which, after 
a few minutes, subsided to a steady slow evolution of hydrogen 
continuing for several hours. If the conditions of reaction permit 
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of the addition of 0-1°% of ammonium chloride, the life of the 
couple is greatly prolonged. Couples of magnesium with platinum 
or gold, produced by adding to the ammonium chloride 0-02% of 
auric chloride or platinum chloride, were not very active except 
on warming.—THe UNIVERSITY OF MAancHEsTER. ([Received, 
January 13th, 1925.] 


Crystalline Cuprous Bromide. By Dennis Broox Brices. 


In view of the fact that phosphorous acid acts as a powerful re- 
ducing agent towards the aqueous solutions of certain metallic 
salts, it was thought possible that the reaction mixture remaining 
after the’conversion of ethyl alcohol into ethyl bromide might give 
interesting results. 

After the ethyl bromide had been removed from the mixture 
of 140 c.c. of ethyl alcohol, 40 c.c. of bromine, and 20 g. of red 
phosphorus taken to produce it, the product remaining in the 
distilling flask was filtered and the clear syrupy red liquid obtained 
was added to an excess of cupric sulphate solution. The mixture 
turned dark green and on boiling for a few minutes a white, crystalline 
precipitate began to form. This proved to be cuprous bromide, 
which remained white until, after repeated washing, it began to 
assume a yellow tint. 

The substance dissolved readily in concentrated hydrochloric 
acid, and this solution gave the usual reactions of a cuprous salt. 
Tests for acid radicals (other than a bromide) which might possibly 
be present, gave negative results. Copper in the cupric state was 
also absent. 

Cuprous Iodide-—The same method of treatment with the pro- 
duct of the reaction between ethyl alcohol, iodine, and red phos- 
phorus (after removal of ethyl iodide) yielded a dark solution 
which on dilution precipitated iodine. This solution, when boiled 
with cupric sulphate, gave a precipitate of cuprous iodide.—Brap- 
FIELD CoLLEGE, Berks. [Received, December 29th, 1924.] 


The Molecular Weight of Cholesterol. By JAMES RIDDICK 
PARTINGTON and SipnNEY KEENLYSIDE TWEEDY. 


In a communication to this Journal (1911, 99, 313) one of the 
authors described some experiments on the freezing points of 
mixtures of cholesterol with palmitic, stearic, and oleic acids, 
which were intended to show that these substances do not deposit 
compounds from melts. The results obtained, however, are cap- 
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able of throwing light on the complexity of the cholesterol 
molecule. 

The curves shown in the paper indicate that the depression on 
the acid side is practically linear, and in the case of palmitic acid 
a’ depression of 0-1° per g. of cholesterol in 100 g. of acid is calcul- 
ated. It has been found (Stratton and Partington, Phil. Mag., 
1924, [vi], 48, 1085) that the molecular depression for very pure 
palmitic acid (m. p. 62-25°), with mesitylene as solute, is 43-13°. 
A determination of the latent heat of fusion of the acid also showed 
that, contrary to previously recorded data, the freezing-point 
lowering is normally related to the latent heat. 

If we now calculate the molecular weight of cholesterol from 
these data, we find M = 43-13°/0-1° = 431. The molecular weight 
calculated from the formula C,,H,,0 is 386. The result confirms 
the supposition that solid solutions are not deposited on cooling 
the melt. 

Further experiments have been made on the depression of the 
freezing point of benzene, and the elevation of the boiling points 
of benzene and alcohol, produced by dissolved cholesterol. The 
latter was prepared from gall-stones by crystallisation from alcohol, 
had a m. p. of 148°, and was just fused before weighing out. The 
results obtained were as follows. 

A Landsberger-Beckmann apparatus was used for the b. p. 
determination, redistilled Kahlbaum’s benzene being used as solvent. 


G. of | Vol. of solution Elevation 


Expt. cholesterol. in ¢.c. of b. p. M. 
1 0-788 15-12 0-32° 424 

2 0-4288 14-7 0-225 424 

e f 10-5 0-61 434 

3 0-8488 \ 14-28 0-46 423 


(The molecular elevation per 100 c.c. is taken as 32-8 for benzene 
and 15-6 for alcohol.) 


A b. p. determination made in pure, redistilled alcohol gave : 
4 0-4749 13-65 0-127 427 


The freezing-point measurements were made with the usual 
apparatus. The results were as follows : 


G. of G. of Obs. 
Expt. cholesterol. benzene. depression. M. 
1 0-333 22-709 0-178° 423 
2 0-230 18-600 0-157 405 
(2 expts.) 


The molecular depression for benzene is taken as 51-39 per 100 g. 
(Stratton and Partington, loc. cit.). 


s* 
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If the normal molecular weight of cholesterol is 386, the above 
results indicate some association in solutions in benzene, alcohol, 
and palmitic acid. The mean of all the results gives a mol. wt. of 
423.—East Lonpon CoLiucz, University oF Lonpon. [Received, 
October 21st, 1924.] 


2-Nitro-m-cresol and 2-Amino-m-cresol. By Hersert Henry 
Hopeson and Herspert GREENSMITH BEARD. 


A mopiricaTion of Gibson’s method of nitrating m-cresol (J., 
1923, 123, 1269), which obviates the troublesome process of purifi- 
cation by acetylation, consists in using stronger oleum (15% SO, 
instead of 6—7%) for the initial disulphonation and completing 
this by heating on the water-bath at 50° for 4 hour prior to 
nitration. Only the first third of the steam-distilled 2-nitro- 
m-cresol comes over as an oil (which subsequently solidifies); the 
bulk of the distillate solidifies immediately (m. p. 39°). An in- 
creased yield is thereby obtained, wiz., a minimum of 72 g. from 
65 c.c. of m-cresol. 
One of the authors (H. H. H.) has found the method serviceable 
for the preparation of 3-chloro-2-nitrophenol. 
2-Nitro-3-methoxytoluene, prepared by treating 2-nitro-m-cresol 
in caustic alkali solution with methyl sulphate, was obtained as a 
colourless product, volatile with steam, and slowly crystallised in 
characteristic, large, hexagonal plates, m. p. 49°, from the distillate. 
Gibson’s fractionation in a vacuum, etc., was thus avoided. 
2-Bromo-3-methoxytoluene was obtained from the above after 
reduction with stannous chloride and application of the Sand- 
meyer reaction: a yellow oil, volatile with steam and solidifying 
in hexagonal plates, m. p. 35-5—36-5° (Found: Br = 39-6; calc., 
39:8%). It resists oxidation by dilute nitric acid or neutral or 
alkaline potassium permanganate. 
2-Amino-m-cresol.—2-Nitro-m-cresol (16-5 g.) dissolved in 200 c.c. 
of water containing 30 g. of sodium carbonate, was treated at the 
b. p. with solid sodium hydrosulphite (63 g.), 2-amino-m-cresol 
being deposited, on cooling, in colourless, elongated, hexagonal 
plates, m. p. 150°. Yield 11 g. (Found: N = 11-2; calc., 11-4%). 
A poor yield of 2-bromo-m-cresol, m. p. 56—57°, was obtained 
from it by the Sandmeyer method (Found: Br = 42-5; calc., 
42-8%).—CoLouR CHEMISTRY DEPARTMENT, TECHNICAL COLLEGE, 
HupDERSFIELD. [Received, December 17th, 1924.] 


